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Lackawanna Steel Sheet 
Piling in the Pier Work 
of Bridge St. Bridge, | 
Newark, N. J. 


The cofferdam of which one end is shown is 
one of two driven by Snare & Triest Co. in the | 
Passaic River for the supporting piers on which 
ends of the 245-foot swing bridge span are to rest. 

The 172 pieces of 12{-in. Lackawanna Steel 
Sheet Piling, comprising this cofferdam, were all 
assembled before driving was started. After 

. \ driving, the piling joints were caulked with oakum 
and the cofferdam after 
being pumped out was 
found to be thoroughly 
waterproof. Further par- 
ticulars will be given in our 
next advertisement. Watch 
for it. 
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What The Buyer Needs To Know 


Number 


All mankind is divided into three 
classes, namely and to wit: 


Those who say, ‘‘Let’s do something 
new; those who say, “It can’t be done;”’ 
and those who will not say anything. 
The latter, we believe, are popularly 
supposed to have the “‘judicial’’ mind. 
They are charter members of the “‘I- 
Told-You-So-Club,”’ and hold all the 
offices in the Gloom Union and the 
Gloaters’ Federation. 


This has accounted for whatever prog- 
ress we've made, for whatever back- 
ward steps we’ve taken and for most of 
our ‘“‘stand pat’’ periods. 

These very human traits, taken in 
connection with the history of invention, 
are interesting. 


Some learned gentlemen, we believe, 
have promulgated the theory that in- 
vention comes in response to demand. 
Viewed in the light of the history of 
most prominent inventions, the theory 
is about as sound as the one of perpetual 
motion. 


Nothing new is ever bought; it has to 
be sold. 


Great inventions are brought forward 
—-and nobody wants them. A dollar in 
real money is preferable apparently to 
stock in the concern that is to manu- 
facture the article and a plugged quarter 
looks better than an investment in the 
article itself. 


Indeed, the inventor not only has to 
fight indifferencé—he is often up against 
violent antipathy. 


Women cried when cook stoves were 
adopted; men fought when textile ma- 
chinery was introduced; a’ Boston mob 
smashed the first sewing machine that 
was exhibited by Howe. 

It took McCormick fourteen years 
before he sold his first hundred reaping 
machines. Bell fought opposition left, 
right and center to get the telephone fi- 
nanced. Field laid the Atlantic cable 
amidst the jeers and hoots of all nations. 

This condition brought into exist- 
ence a comparatively new type of spec- 
lalist, the highly trained salesman. 


In the “‘good old days’ the inventor 
was his own manufacturer and his own 


Thirteen 


salesman. Being an inventor he was 
just naturally a dismal failure at the 
other two things. For your inventor is 
a self-centered individual who needs a 
guide outside his own particular domain. 


The trinity, then, is the inventor, the 
manufacturer and the salesman. The 
one to conceive, the next to make eco- 
nomically and well, the last to sell, at a 


profit. 


The development of the highly trained 
salesman is a boon to civilization. He’s 
the forerunner of prosperity and the 
enemy of stagnation! He’s the old 
original self-starter and runs on ball 
bearings. 


The occasional bore, the smart Aleck 
and the over persistent are mere mas- 
queraders—they don’t really belong to 
the elect. 


For the real salesman is never any of 
those things, any more than an expert 
at Kelly pool is a bill‘ardist. 


Running hand in hand with the modern 
salesman is a still newer specialty—ad- 
vertising. The purpose and aim of each 
issimilar. It is to make known what the 
inventor has devised and the manufac- 
turer made and to sell the product ata 
profit so that the whole combination 
may be labeled ‘‘Success.”’ 


In this good work each has a distinct 
field of action and neither need tread on 
the other’s toes. The work of inform- 
ing can be done more quickly and more 
cheaply by advertising. The work of 
selling can seldom be done by any other 
than the salesman—very, very seldom 
indeed in machinery and kindred lines. 


And so wise manufacturers of today 
are using both methods because they 
can market their goods more cheaply 
and more surely than when they attempt 
to get along with one of them alone. 


When this truth reaches home, wise 
buyers will insist on advertised goods in 
preference to others. It’s a pretty safe 
gamble that the economical selling 
method will reflect in the lowered price 
of the product. 
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A 5350-hp. Steam-T urbine Generator ‘pacity of 200,000 kw. This plant is 3144 miles from 
‘ ‘ ° the business center of the city, and it was not proposed 
Unit with Speed-reduction Gears to abandon the old plant entirely, but rather to convert 
The two largest direct-current generators yet built this latter into a non-condensing direct-current generat- 
have recently been installed in the Canal Road plant of ing station with the exhaust steam from the units here 
the Cleveland (Ohio) Electric Uluminating Co. Each used for the heating mains of the business district. 
of these is a 3750-kw. 275-volt 180-r.p.m. shunt-wound The size of the equipment noted has been chosen on 
machine driven by a Parsons-type steam turbine through account of the exhaust steam needed, rather than 


on 
Westinghouse reduction gears having a 10:1 ratio. These account of generator capacity. The machines will be 
machines are intended to supply the light and power cir- run only during the months in which exhaust steam is 
cuits in the business section of this city. The company’s in- required; in the other seasons rotary converters will be 


stallation was originally a direct-current three-wiresystem, used, drawing power from the  alternating-current 


but, with increase of business, alternating-current appar- — lines. 


atus was used for distribution to outlying districts. The The gear in the reduction mechanism (Fig. 2) is 100 
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A 5350-Hp. Steam TURBINE Drivine a 3750-Kw., Drrect-cURRENT GENERATOR THROUGH REDUCTION GEAR 
(In the Canal Road Vlant of the Cleveland Electric Illuminating Co.) 
supply system for the congested business district, how- in. in diameter with 259 


helical teeth. The pinion has 
ever, was never changed and up to now for this service 26 teeth, giving a ratio of 26 to 259 and introducing the 
about 8000 kw. in engine-driven direct-current genera- so called “hunting tooth” to prevent frequent recur- 
tors have been retained. On account of growth of busi- rence of contact between the same pair of teeth. The 
hess and poor quality of condensing water obtained full rated load of the gear is 5350 b.hp. and, on account 
from the Cuyahoga River, a new alterating-current sta- of overloads, this has been increased to 6000 b.hp. with- 
tion with 22,000 kw. of steam-turbine generators, was out indications of distress. The generator, shown in Fig. 
built on the lake front, with provisions for an ultimate 1, is 21 ft. 4 in. in diameter, across the frame-feet base, 
a Ga and it stands 14 ft. 2 in. above the floor. The entire 
*From information furnished by the Westinghouse com- PLB : ‘ ; aa 
panies’ Publicity Department, East Pittsburgh, Penn. unit is 37 ft. 2 in. long and this length is divided be 
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DovuBLE HELICAL GEAR OF CLEVELAND 
GENERATING UNITS 


Fig. 2. 


tween the generator, gear, and turbine as 10 ft. 1 in., 12% 


ft. 5 in., and 14 ft. 8 in., respectively. 

The turbine and gear were made by the Westinghouse 
Machine Co., and the generator by the Westinghouse 
Electric & Manufacturing Co., Pittsburgh. 


Building a Paved Roadway across 
a Swamp* 


By JAMES OwENnt+ 


The recent construction of the Plank Road from New- 
ark to Jersey City, N. J., furnished some interesting 
foundation problems. The road was constructed partly 
on an old causeway that was built in Colonial times and 
partly on a new fill in the territory known as the Jersey 
meadows. To properly appreciate the conditions here 
it must be remembered that what is known as the Jersey 
meadows was originally an open estuary with the tide 
ebbing and flowing over it. By gradual deposition, and 
with wash from the highlands, this estuary was gradually 
filled up with material more or less solid in consistency 
to a height of about 1 ft. above low tide. When vege- 
tation started in the shape of coarse grass or reeds, this 
growth accelerated the deposition until the high-water 
level was reached, when, of course, the earth accumula- 
tion ceased, but the perennial growth of reeds contin- 
ued. 

The foundation under the Plank Road is consequently 
soft silt with occasional pockets of clay. Nearer the 
highlands shallow beds of coarse sand are encountered. 
The depth of the silt was not ascertained; 80-ft. piles 
were driven without touching hard bottom. On top of 
this silt is about 1 ft. of decayed vegetation and from 
2 to 4 ft. of matted roots which form the upper surface. 
The original foundation of the road may therefore be 
considered as unstable and liable to movement under pres- 
sure. 

Filling in swamps for roads and railroads is, of course, 
a frequent occurrence; but, as a rule, with unstable foun- 
dations it is possible to relevel or realign the surface 
either of the road or track. 


Whatever settling occurs can 


*Based on a paper read before the meeting of the County 
Engineers of New Jersey, Jan. 31, 1913. 


+#Consulting Engineer, 196 Market St., Newark, N. J. 
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be relieved by surface work. In the case of the Plank 
Road such a proposition could not be entertained for it 
was desired and expected to have a finished surface of 
block pavement with no settling after the completion of 
the work; practically to have an unadjustable top. 

Two instances of a similar kind came to the author’s 
mind before beginning the work: At the corner of Grand 
and Henderson Sts., Jersey City, the vibration due to 
the nearby trolley cars or loaded wagons was very per- 
ceptible when standing on the sidewalk, although this 
section of the old meadows is solidly built up and the 
streets permanently paved, probably over 50 years ago; 
in the valley of the Red River of the North in North 
Dakota, the surface is also soft silt to an unknown depth, 
covered with a mat of about 6 ft. of solid prairie grass. 
All buildings erected in that locality were built on this 
grass mat, never penetrating it. In one case an ambitious 
architect in erecting a bank building, built it on piles, 
and a resident told me that this was the only building 
which ever settled out of place. 

The two salient points of construction in the writer’s 
mind were, therefore, to put in enough material to pre- 
vent perceptible vibration, and in placing this material 
care was to be used not to break through the surface. 
As to the vibration the problem was to find the economi- 
cal limits of fill for the character of travel, it being un- 
derstood, of course, that there should be a sufficient mass 
of fill to take up the momentum of a moving vehicle. 
For a roadway to carry an 18-ton motor truck or a 35- 
ton trolley car the mass required would be less than 
for a 100-ton locomotive. 

The original design of a minimum fill of 4 ft., prob- 
ably haphazard at first inception, resulted in practically 
eliminating perceptible vibration for the travel to be en- 
countered on the Plank Road, it being understood that this 
surface fill above the old level of the meadow was aug- 
mented by from 60 to 70% more which had sunk below. 

The next problem was to make a fill that would not 
break the surface mat. In the writer’s experience with 
such work in earlier years, and in common with the 
practice of most other engineers in the country, the fill 
was dumped on the meadows in a ruthless manner, and 
sufficient earth was finally brought in to reach the desired 
grade. The mat was broken through and in many cases 
swelled up on the side of the fill itself. 

To obviate this trouble the specifications were care- 
fully drawn. They may be brieflly outlined as follows: 
None other than good material was allowed and no large 
stones were used, and whatever stones were applied were 
scattered. The first layer of fill was not more than 2 ft. 
thick, which was then rolled with a horse-roller; and each 
deposition was made in layers of 1 ft. and no more. As 
soon as conditions were favorable a steam-roller was used 
and each layer was thoroughly rolled until the final 
surface was reached. No permanent pavement was laid 
until the fill had gone through one winter. In some 
places that were exceptionally soft the horse-roller was 
omitted and sufficient material was dumped to enable 
the steam-roller to get to work. 


This rolling was sometimes a heart-breaking proposi- 
tion as continual miring and stalling was experienced. 
On one section this was obviated by placing a layer of 
stone screenings from 4 to 6 in. thick. The material used 
for the fill was good selected earth from New York and 
Jersey City. 
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The precautions taken in construction have so far 
proved efficacious. ‘n only one case was the surface crust 
broken through, and that was for about 150 ft., causing a 
crack in the fill. This happened in the early part of the 
work and was soon In another case where 
the fill was outside the old causeway a settlement ap- 
peared for about 100 ft. after the curb and concrete 
foundation were laid. The curb was reset to true line 
and a supplementary surface was put on the concrete. 
On the whole length of the finished roadway any per- 
ceptible vibration has been entirely eliminated. 

The road as built is 100 ft. wide with two high-speed 
trolley tracks in the center elevated 6 in. above — the 
roadways, two roadways 27 ft. wide, one side paved with 
close grouted granite blocks, and the other side with 
creosoted wood blocks, and two outside sidewalks 10 ft. 
wide. 

The selection of the pavement was a subject of pro- 
tracted controversy between the advocates of wood and 
granite block. A compromise was finally reached with 
the above result. A curious fact was noted with the 
opening of travel in that 70% of the travel is on the 
wood block as against 30% on the granite block. The 
travel on the road is very large for it is practically the 
only wagon road from New York City westward to the 
rest of the United States. 

In using the road, in regard to vibration, one curious 
result was noticed, and that was the difficulty in getting 
the grouting on the granite to stay. In other contracts 
for close jointed grouted granite blocks the grouting 
was placed in the same manner with satisfactory results, 
waiting the usual period of 10 to 14 days before travel 
was allowed. On the Plank Road, however, the grout- 
ing simply wore off almost immediately. My assistant 
thought that the vibration of the whole road destroyed 
the bond. This vibration was, of course, imperceptible 
to the senses but undoubtedly existed. 

This experience recalled two previous experiences of 
the writer where vibration was a cause of failure. In 
building an arch bridge of brick along a railroad track 
the centers of the arch were struck in accordance with 
the usual practice, but the arch fell in. In another 
case 50 ft. of a brick sewer, carried along the line of the 
railroad track, fell in. This question of vibration may, 
therefore, be important to consider in similar instances. 

In conclusion it may be said that the part of the Plank 
Road now in use (about two-thirds is finished) shows no 
sign of settlement or deviation and is a satisfactory piece 
of work. 


remedied. 
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Fast Work in Driving a Mine Drift 
By E. 


On Feb. 1, 1913, the Vinegar Hill Zine Co. completed 
a double-track tramming drift at the Ellsworth Mine, 
near Livingston, Wis. (in the lead and zine district). 
|The drift is 8 ft. high and 8 ft. wide, and 391 ft. in 
length and was driven in 57 shifts of 9 hours each. The 
total time consumed was 3714 days. Part of the time 
drilling was carried on during each shift but during the 
latter part of the work drilling and blasting were done 
on the night shift only and the muck was removed dur- 
ing the day shift. The drift was in the oil-rock for- 
mation of Galena limestone. 


T. LepnNum.* 


*E. I. duPont de Nemours Powder Co., Chicago, Tl. 
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A part of the drift was driven by drilling but seven 
holes; three cut holes near the bottom in the middle of 
the heading, drilled to meet at the points; twe 
lifter and two upper holes. In 
mineralized ground twelve holes were drilled,. and the 


bottom 
corner holes, corner 
arrangement of these holes is shown in the accompany- 
ing cut. The cut holes Nos. 1, 2 and 3 were drilled to 
meet at the points and were, of course, fired first. The 
average advance per shift 6.85 ft. The average 
advance per day was 10.4 ft. 

One No. 8 Leyner drill was used, and all holes were 
drilled 12 ft. deep. 


Was 


The total amount of powder used 
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was 6930 cartridges (114x8-in.) of duPont foreite gelatin 
and duPont low-freezing gelatin of 40% strength. The 
powder was exploded with Metallic Cap Mfg. Co. and 
duPont No. 6 caps; 1012 caps were used and 7613 ft. of 
Climax-Crescent fuse. 

During January the temperature dropped below zero, 
but at no time did the mining company find it neces- 
sary to thaw the duPont new low-freezing gelatin in 
the thawing magazine. The powder was taken from the 
storage magazine into the mine at the beginning of the 
shift and when drilling was finished the powder 
ready for use. It was necessary to install a blower, and 
there was no ventilation. The work was under the d+ 
rect supervision of Goodsell Billings, Superintendent. 
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Safety on the Oil-burning Vessels in the Navy will be in- 
creased by the provision, on such ships, of an oxygen breath- 
ing apparatus. It is estimated that about 10 lost 
each year on these oil-burning vessels, over- 
come by gases escaping from the liquid 
is simple, consisting merely of a 
ible tube, and a mouth 
but not hindering the 


lives are 
when men 
fuel The 
oxygen tank, a flex- 
the and mouth, 
usual helmet does. 
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Stereophotographic Surveying 


By Oro 


SY NOPSTS—A_ short history of the development of 
photographic surveying in Europe, with a few examples 
of photographic railway location and reconnoissance sur- 
CCYS s thie theory of photogrammetry briefly ea plained ; 
Thi invention of stereophotogrammetry, ifs theory and 
practice, A description of the instruments used in stereo- 
photogrammetry, the stereomicromeler and the stereo 
comparator with exam ples of their practical Use. A de- 
scrivtion of the stereoautograph, whaeh automatically 
draws a@ map while an operator manipulates the stereo- 
comparator, mith exam ples of ifs uses and its } oxssibilities. 


os 
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Although photo-topographical surveys have been made 
ona large scale in Canada since 1888, and were made by 
United States government topographers in 1893-94 on 
the boundary survey between Canada and Alaska, this 
method of surveying has not gained followers in America 
outside of the government engineering circles, and is re- 
-tricted in Canada as well as in the United States to gov- 
ernment surveys. American literature is very meager on 
the subject, and considering the large number of technical 
schools in this country, it is surprising that more atten- 
tion is not given to this branch of surveying. 

It is one of the objects of this article to show the ap- 
plication of photo-surveying methods to preliminary rail- 
Way surveys in countries where the customary methods of 
surveying are verv difficult to apply, or fail to give satis- 
factory resuits; or where the topographical conditions are 


uch that we can get the quickest and cheapest results by 


el 
photogrammetry. In the article we will sketch very 
bricHy the 


story of the method and give only as much 
heory as is absolutely necessary for understanding the 
cited examples. For further :nformatior th ader 3s 
referred to Capt. E. Seville’s book “Photographic Survey- 
ing.” and J. A. Flemer’s “Elementary VUreatise on Photo- 
vraphic Methods and Jnstruments’4 in which publica- 
tions he will find a full treatment of the subject. 

Photogrammetry is the art of producing a horizontal, 
orthogonal projection from a perspective view of a body, 
Le. producing topographical maps with contour lines 
from photographs. based on the laws of perspective and 
of descriptive geometry. Photogrammetry may be said 
to be almost as old an art as photography itself. In 1839, 
when Arago, the famous French scientist, presented to the 
Chamber of Deputies in Paris the dissertation written by 
Daguerre and Niepce on the invention of photography, 
he expressed the opinion that “Photographic pictures are 
subiect to the rules of geometry, and knowing some 
points, it will be possible to make plans of parts of build- 
ings, Which are now inaccessible.” He further ventured 
the opinion, that the time was not far distant when it 
would be possible to make topographical plans based on 
photo-topographic surveys. Arago’s prophecy was ful- 
filled a few vears later. A French captain, Laussedat. 
hy mame, Was the first to use a camera for topographical 
surveys. 

A method of making a topographical map from a free- 
hand perspective sketch had been previously devised, and 

+252 W. 121 St.. New York City. 
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Laussedat applied this method to photography. It was 
not until the year 1861, however, that Laussedat made the 
memorable survey of the village of Bue and vicinity, near 
Versailles, which made his name famous. For this work 
he received a gold medal in 1863, conferred by the Royal 
\cademy of Science, Madrid. Laussedat died in 1907 at 
the patriarchal age of 88 years. His thankful pupils, 
admirers and the French government have erected a 
mouument to his memory in his native town, Moulins, 
with the following inscription: Toul @ la science, pour 
son pays. 


THEORY OF PHOTOGRAMMETRY 

To locate a point by means of photography, we must 
have this point on two photographs. In Fig. 1, let PP 
and PP’ represent vertical photographic plates, S, and S, 
the two positions corresponding to the nodal points of 
the objective lenses of the camera; a’ and a” the pro- 
jections of a point A of the landscape on the two plates. 
The two elements of a picture are the principal point or 
eve-point and the distance line. The principal point is 


Base Line 
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Kia. 1. FUNDAMENTAL PRINCIPLE OF LOCATING A POINT 
iN Space BY MEANS or PHOTOGRAPHS 


the pemnt where a perpendicular from the nodal point, or 
point of view, Intersects the plate. marked # in Fig. 1. 
The length of this perpendicular is the distance line. If 
the photographs are so taken that they also contain pic- 
tures of the points of observation S, and S., we can locate 
these points by intersection, based on the principle of the 
Planetable, but having the advantage over the planetable 
that the problem is solved in the office. 

In Fig. 2, P represents the photographic plate in verti- 
cal position, S, the nodal point or foeus of the lens, A a 
point In space, @ its projection or picture. A horizontal 
plane through S, intersects P along hh’, called the hori- 
zontal line. A vertical plane Vs through S, intersects P 
along the line vr’, called the principal tine. The inter- 
section of the principal line vr’ and the horizontal line 
hh’ gives the principal point #, and S,F is then the dis- 
tance line according to the definition already given. In 
practice, to locate the principal point # on the plate of a 
-hototheodolite we photograph a pair of ecross-wires. 

Fig. 3 shows how to find the position of the plate for 
plotting at station S,, if the distance line f and the length 
of the base line S, to 8, are known. The base line may 
be drawn to any scale, but the distance line f must be the 
actual distance. The point s, is the projection on the 
photographic plate of the position S,. The distance s. EF 
is scaled from the photograph and the perpendicular to 
the base line, RT = s.E. 
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Again referring to Fig. 2, we find that the horizontal! 
projection of @ on the plane of S, is a’, and of A in space 
A’; aS, and AS, are in a straight line and the triangles 
S,aa’ and S,AA’ are similar for obvious reasons. We then 
have the relation: 


AA’: S,A’ aa’: S,a’ and 
: S, A’ X aa’ 
AA epee 
‘ ai 


1 
Therefore, if we have the horizontal line hh’ and the 
point @ on our plate we know aa’ by direct measurement, 
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Fre, 2. PHoTroGRAPHIC PLATE IN PosrTIoN, ILLUSTRAT- 


ING ELEMENTS OF PICTURE 


also the lengths S,a’ and 8,A’ may be determined, know- 
ing f and vw, and we are able to calculate or determine 
graphically AA’, which is the elevation of the point A in 
space above the height of instrument. 

These are the bare elements of photo-surveying ; we 
will now deseribe their application to a few surveys. 


Prorection WorKS ON THE ARLBERG 
RAILWAY 


AVALANCHE 


Vie eoh sisi Seems aS ae ae 


Shortly after the completion of the Arlberg railway in 
Northern Tyrol, considerable trouble with avalanches de- 
veloped, which made the railway service unsafe. In the 
vear 1889 the officials of the Austrian State Rys. sent 
Vincenz Pollack to prepare the necessary plans for con- 
structing protection works. A part of the slope exposed 
to avalanches is inaccessible, being very steep, rocky and 
full of deep gulches. -It is located on the western slope 
of the Arlberg and therefore open to the west winds, 
which are laden with rain. Hardly one day passes without 
rain. 

This survey was made as follows: Instrument positions 
were selected on the opposite slope of the valley, special 
attention being paid to getting good views of the differ- 
ent gulehes. The distances between the different posi- 
tions were so arranged that the sights did not intersect 
at too small angles. The camera positions were tied into 
the railway center line by horizontal and vertical angles. 
: The distances from the camera stations to the photo- 
; graphed points were from 1000 to 1500 m. Some moun- 
tain tops were from 2000 to 2500 m. and more away. 

A sufficient number of points on the slope were located. 
their elevations calculated with a slide-rule and a contour 
map made. As a rule there were three and more sights 
for each point, so that checks were possible. There were 
only a few cases where triangles of error occurred. and 
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these, as a rule, could be traced back to Inaccurate 
drafting. 
LOCATION OF THE JUNGFRAU RAILWAY ALONG THI 
KIGERWAND AND EIGER GLACIER 
This work was done by the late Dr. C. Koppe, protes 


sor of geodesy at the Polytechnic Institute of Braun- 
schweig, who also had made the triangulation for the 
St. Gotthard tunnel. 


odolite, 


For the work he used a photothe- 
and theodolite, which 
enabled him to take pictures with camera inclined, He 
started field August, 1896, and 
in the first week of September, a little more than one 
month. 


a combination of camera 


his work in finished it 
The difficulties of a survey to :ocate exactly a 
railway which very often approaches an inaccessible rock 
wall, and at different times appears to daylight in form of 
valleries at places where an overlooked crevasse would 
carry the line out into space, can be easily imagined. 
Along with the necessary triangulation, very extensive 
photo-surveys were made so that it was possible to locate 
on a contour map 14% miles of the railway line in an en- 
tirely inaccessible region. 

Possibiy quite a few of the readers of this article have 
taken a trip on the Jungfrau Railway and admired the 
grand scenery which opens from one of the gallieries 
known as the Eismeer station. It was a condition of the 
survey that the line should strike that point of the 
Kismeer, as only there the rock formation is solid. In 
places it was necessary to take the photographs from as 
steep an angle as from 30° to 40°, to avoid going back 
too far for the pictures to show the necessary detail. 
Some pictures were taken with telescopic lenses, which 
enabled the professor to study closely certain groups of 
rock. The photographs were developed in the field every 
day. 

The triangulation stations were marked with 3- to 10- 
cm. gas pipes from 30 to 40 em. long, with an iron cross 
at the bottom and were embedded in concrete. The photo- 


graphs of the Eigerwand and Eiger glacier were made 
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Fig. 3. 
Fig. 4. 


PLACING PLATE IN POSITION FOR PLOTTING 
STEREOSCOPIC EFFECT OF DISTANT OBJECTS ON 


rik RETINAS OF THE EYE 


from 12 such triangulation stations as well as from five 
other stations tied into this triangulation. One hun- 
dred good plates were the result of this work, but Prof. 
Koppe did not finish the whole survey, as difficulties arose 
with the promoter who, unable to grasp the engineering 
side of the enterprise, wanted the remaining work done 
in a less scientific way. 


PRELIMINARY RarLway Work 


RUSSIA 


PHOTO-SURVEYS Fe@P IN 


In Russia photogrammetry is used very extensively. 
As far back as 1891 it was used for preliminary railway 


G04 


work in the Caucasus. 


The pioneer of photogrammetry 
tu Russie was the late 


Counsellor of State, R. Titete. a 
civil engimeer, who later achieved internaticnal fame by 
his land and river surveys by means of kites, one of the 
mose promising branches of photo-surveying. Thiele ap- 
micd photogrammetry to preliminary surveys in Trans- 
Daleab?, fer a part of the Trans-Siberian railway in the 
year 162’. The work included a strip of land about 400 
kra, jong tio The 
inteniion was to connect tiie Siberian railway projected 
along the Amur River with the proposed Chinese railway 

Two fiela parties were formed, each consisting of an 
engineer as chief-of-party, two students of the School of 
Communications, one he!per and one mechanic, 
40> necessary number of native laborers. The country 
oftered =piendid opportunities for photo-topographical 
work, being formed of almost continuous chains of conl- 
ca’ hills and covered with short grass without bush or 
trees. The highest hill tops were not more than 200 m. 
above the valley bottom. The elevations of the stations 
were taken with Goldschmidt and Naudet aneroids, thus 
fiving a good’ check. Prominent points, which could be 
seen from many stations, were sighted at, and vertical 
angles carefully read. On account of bad water the plates 
were not developed in the field. From July 22 to Sept. 
1, 128 km., including the triangulation work, were sur- 
veved in 17 working days from 96 stations; and the tri- 
angulation was checked by two additional 


Usiv-Anon to the Chinese border. 


besides 


base-line 
measurements. 

On a new survey, Thiele kept only his mechanic. New 
laborers were engaged, the summer tent was replaced by 
a round felt tent called “yurte,” used by the Burjates, 
a nomad tribe. The purpose of the new survey was to 
avoid a crossing of the Argims, a very wild, as well as 
deep stream, and the tunneling of a mountain, called 
Schiwi-Guntej. Thiele finished this survey of 174 km. 
in only one month of 18 working days, in which time he 
took 83 full panoramic views, and measured four base 
lines. The weather in general was very favorable, but for 
three days there were snow storms, which stopped all 
field work. The camp was moved every day. 

The Minister of Communications wanted the plans very 
urgently, to enable a decision as to which line would be 
the cheapest to build, so Thiele did not prepare a contour 
map, but made a map, showing merely the watersheds and 
principal elevations. It took him a month and a half to 
prepare this plan. It was never completed, as the gov- 
ernment abandoned that line. .The map of the second 
survey, however, was carried to completion, and the pre- 
cision of its contours was examined later by plotting the 
railway line as determined by a level. This line fitted 
to the contours in all details. Thiele, as well as his 
former assistant, Schtschuroff, made many other photo- 
surveys for railways. 


ADVANTAGES AND DISADVANTAGES OF PHOTO-SURVEYING 


We have given the foregoing descriptions ir order to 
show the great difficulties the engineer would ha*‘e to over- 
come in countries far away from civilization and without 
means of communication, if a heavy camp ovitfit had to 
be carried along. In these instances, splendid results were 
obtained with very smali surveying partics in an in- 
credibly short time. 

While the fieldwork did not take up much time, the 
office work was painstaking and very tiresome. The find- 
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ing of corresponding points, the determination of their 
coo:dinates, the calculation of their elevations above the 
horizontal line, took very long, and often resulted in mis- 
takes. With increasing lengths of base lines the diffi- 
culty also arises In photogrammetry of identifying the 
same parts of the ground in both photographs, because 
the landscape looks entirely different from widely sepa- 
rated viewpoints. in using a short base, we have very 
similar pictures, which make the identification of the 
same points easy; but in this case the «*¢hts intersect with 
such small angles that it becomes necesscry to find the 
same points on three pictures. To avoid this the length 
of the base line is chesen, wher possible, in such a man- 
ner that the intersection ang!es are not smaller than 30°. 


é 


Added to these disadvantages *s the one that the neces- 


sary accuracy is often difficult te obtai: 
STEREOPHOTOGRAM METR) 


A method by which the troubles arising :2 viotogram- 
metric surveys are eliminated is based on the principle 
of making the necessary measurements on stereoscopic 
pictures, and is called stereophotogrammetry. The 
method is a modification of the principle of the Zeiss 
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Fig. 5. PRINCIPLE OF THE TELESTEREOSCOPE OF 


HELMHOLZ 


telemeter, which is based upon measuring distances by 
the difference in depth of the stereoscopic image. 

If we look with both eyes at objects in different planes 
we perceive them to be at different distances, but if we 
look at them with one eye only, they appear to be in the 
same plane. Rays coming from objects located at a great 
distance, enter both eyes parallel and produce on sym- 


metrical places of the retinas images o (Fig. 4). An 
object O, will produce an image 0,, and an object O, 
an image o. on different places of the retinas. This dif- 
ference of position of the images on the retinas produces 
the effect by which we perceive relative distances. Be- 
tween the position of these images and the distance of the 
objects, or the angles 4, exists a simple relation. 

The difference of the two angles 4, 4, — a, = &, is 
called the parallax. We are able to distinguish differ- 
ences in the distance of objects to about # = 30”. It 
varies with different individuals, as it depends on the eye- 
sight and on the distance between the eyes. The limits 
are between 400 and 500 m. We can, however, increase 
this ability by using glasses. If we look through a field- 
glass, which for instance enlarges eight times, the angle . 
& will increase accordingly, and we will see the landscape 
stereoscopically for a distance of 3200 to 4000 m. 

An instrument which relatively enlarges the distance 
between the eyes is based on the telestereoscope of 
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Helmholz. It consists of four mirrors, arranged as shown 
in Fig. 5. The observer, looking with his eyes # through 
II II, sees the landscape reflected from // as if his eyes 
were at MW and XN, and the eye-distance is, in effect, en- 
larged from b to B. If for instance ) = 60 mm. and B = 
600 mm., then the parallactic difference will be increased 
10 times, and we will note differences in depth to a dis- 
tance of from 4000 to 5000 m, 





Fic. 6. LANDSCAPE VIEWED THROUGH A ZEISS 
TELEMETER 


The Zeiss relief telescope comprises a double telescope 
and a telestereoscope, where the mirrors are replaced by 
B 
b 


prisms. The enlargement e and the base relation 


I 


pears as a product, called the total plastic, e X >” which 


ap- 


we 


indicates how many times the stereoscopic effect is in- 
creased. For instance, for an enlargement of eight times 
B B 


= 10, we havee X = = 
i eeX 5 


8 X 10 = 80. We will then see a plastic image of the 
landscape to a distance of about 32 km. 

The converging angles increase according to the total 
plastic, so that it is possible to notice very small changes 
of the parallactic angle and to judge from this difference 
the difference in distance of two objects. While we are 
able to notice parallactic differences of angle of about 30” 
with the naked eye, with a relief telescope with a total 
plastic of 80, we can distinguish a parallax of about 3”. 

The principle of the Zeiss telemeter consists of measur- 
ing the parallax by stereoscopic observations of depths. 
The instrument consists of a relief telescope, as described, 
the outer prisms of which are adjusted in different models 
to 51, 8S? and 144 em., which form the bases for the 
measurement of distances. In the image plane of the eye- 
piece are glass plates, each a little detached from its 
neighbor, with numbered marks so arranged that when 
one looks through the eye-pieces the graduated plates 
ferm a stereoscopic picture (Fig. 6). The landscape is 
seen in enlarged plastic, the scale extending back into 
space. Distances can now be measured by direct com- 
parison of the prominent points of the image with the 
scale. We do not measure the parallax, but compare the 
stereoscopic depth, which depends upon it, with a known 
scale. As we are able to notice very small changes of 
the parallax, it is possible to get very exact results with 
a short base. 

This principle has now been applied to photogram- 
metry. We replace the images of the landscape by photo- 
graphic plates, which are taken from the ends of a short 
base line. These pictures can be taken with the same. 


and the base relation of 
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camera one after the other. Looking at the plates through 
an apparatus, similar to a Zeiss telemeter, they replace 
the natural landscape, and the distance to any point can 
be measured by means of a depth scale. 

THE STEREOCOMPARATOR 


The instrument used for measuring distances from 


sterecphotogiaphs is known as a “stereocomparator,” and 








Fic. 7. AN OrDINARY STEREOSCOPE 


is illustrated in Fig. 10. To understand better the work- 
ing of this apparatus, Dr. C. Pulfrich, the inventor, has 
equipped an ordinary picture stereoscope with an attach- 
ment called the stereomicrometer, which enables a study 
of the principles of stereophotogrammetry and the hand- 
ling of the stereocomparator. Fig. 7 shows the stereo- 
scope without the stereomicrometer, and Fig. 8 the stereo- 
micrometer. 

The apparatus consists of a metal-frame (2) with two 
rectangular openings, which hold the stereoscopic photo- 
graphs. The so called “‘wandering mark” consists of two 
metal pointers, which are curved in toward the pictures, 
so that their points come very close to the photographs. 
As seen through the stereoscope these pointers appear as 
one suspended in space. 

This pointer can be brought into coincidence with any 
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Fic. 8. STEREOMICROMETER ATTACHMENT FOR AN 
ORDINARY STEREOSCOPE 


point P of the picture, the codrdinates of which 2, y and 
a (parailax), can be measured. For this purpose the 
pointers M, M. can be moved on the sliding scales J, and 
i,. A slight horizontal movement of the right-hand 
pointer M, is possible by means of the micrometer screw 
S. The scales /, and A give the codrdinates x and y of 
the point P ; and the readings on scale J, of M, and drum 
S give a function of the angular parallax a We are thus 
able to make stereophotogrammetric measurements on any 
stereoscopic pictures, but these measurements are not 
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exact, the use of this instrument being only to make be- 
ginners acquainted with the nature of stereophotogram- 
metric methods and, especially with the working of the 
“wandering mark.” 

To find the coordinates of a point P, from its projec- 


tions P?, and LP, 


We proceed as follows: 


respectively, on the stereophotography, 
First set the pomters 7, and J, 
on the principal points #, and £, 
This is the zero position of the pointers, 
thereafter referred to the 
position the pointer Win 
pears to be at an infinite distance (Fig. 9), as the rays 
V, through #£, and WM, through /, are parallel. 
We now look through the left-hand eye-piece and set the 


(Fig. 8) and read the 
three scales, 
All other 


Positlon, Ih) 


readings 


this 


are ZETO 


space ap- 


pointer WV, so that it is immediately above the point 7’, of 
the photograph (Fig. 8). Then we look through the 
right-hand eye-plece and set the pointer J/, 
sponding position, above the picture point P,. Now 
the with both eves we 
image of the pointer at W’ or WM” (Fig. 9). By 
moving the pointer M,, forward or backward, by 

of the micrometer 

(Fig. 8), 


In a corre- 


looking through stereoscope 


see the 
Meabs 
SCTeCW s 
the 
potter will appear to move 


the image of 


to or from the observer. and 
we can now set the pointer 
with great accuracy and take 
the different readings. 

The 


purpose of a 


the 
rodman 


pointer serves 
stadia 
in the field as one can send 


it over the whole picture and 


take the measurements to any 
of its points. It 


has the 
great advantage over a stadia 
that there 


obstacles to 


rodman 
physical 


are no 
over- 
come. Furthermore, it cannot 
get lost, as sometimes hap- 
pens with a rodman, or get 
the 
observer, as all its movements 


outside of the control of 


} . 
\! are made by him. 
L<---£ye Distarce- AR 


EN6. NEws 
Fie. 9. PRINCIPLE OF 
MEASUREMENT BY 
THE 
MICROMETER 


The essential difference be- 
tween the 
and the stereoscope with its 
stereomicrometer attachment 
is that the pointers of the 
stereomicrometer and 
the pictures remain fixed, while in the stereocomparator 
the pointers are fixed, and the plates (negatives) and the 
eye-piece microscope move; but the principle is the same 
in both, for we are under the impression that the marker 
of the stereocomparator moves and not the pictures. 
Both photo- 
graphic plates are placed on a movable frame; J, IJ, 1, 
I], are the four prisms of the mirror stereoscope A, A, ; 


stere¢ comparator 


STEREO- 


move, 


Figs. 10 and 11 show a stereocomparator. 


the images are seen through a binocular microscope, with 
an enlargement amounting to three or six times. By in- 
troducing a system of Porro’s prisms, we see the images 
erect. In the image plane of the microscopes are glass 
plates e, marked with a vertical line, which appears 
through the eye-piece as a stereoscopic image suspended 
In space, and takes the place of the pointers of the stereo- 
micrometer, already explained, 
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Fie. 10. Dis- 


MEASURING 
PANCES AND ELEVATION OF STEREOPHOTOGRAPHS 


Table carrying the two plates P,; and Ps», sliding hori- 
zontally in the direction of the length of the plates; oper- 
ated by the handwheel H. 

Table of the Stereocomparator carrying the stereomicro- 
scope and sliding horizontally in a direction at right 
angles to A; operated by the handwheel V. 

Setscrew compensating differences in height on the 
plates, in consequence of the unequal altitudes at 
the stereophotographs were taken. 

and D. Setscrews adjusting the plates P,; and P». 
Ciamp fixing the slide which carries the plate P,; and 
which is shiftable in the direction of the main table A. 
and S.» Two illuminating mirrors revolvable about a com- 
mon axis. 
Seale with 
scissas. 
Seale for reading off the ordinates. 
Micrometer screw with adjustable 
measure parallax. 


A STEREOCOMPARATOR FOR 


two 
which 


adjustable vernier for reading off the ab- 


measuring drum _ to 

It is a condition of the instrument that the position of 
the two plates in the movable frame be identical with the 
position of the plates in the camera when the photo- 
graphs were being taken, because only in this case we 
have comparable pictures; that is, both plates are in the 
same plane, so it is necessary that the camera at the two 
ends of the base line should have been in the same verti- 
cal plane parallel to the base line. Photographic negatives 
are used because it would be impossible to get positive 
prints, which were not subject to inaccuracies which do 
not occur on the negatives. 


Usk OF THE STEREOCOMPARATOR 


To get the necessary data for calculating the positions 
and elevations of the different points shown on the photo- 
graphic plates we proceed as follows: The plates are 
placed on the movable frame (Fig. 10), so that their hori- 
zontal lines are parallel to the axis of the instrument 
and that their principal points F,, /,, lie in the direction 
of the principal rays (the rays perpendicularly through 
them). To accomplish this the hand-wheel /7 is provided, 
which moves the both plates together horizontally; the 
re Ey R 
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DiAGRAM ILLUSTRATING THE CONSTRUCTION 
OF A STEREOCOMPARATOR 


Fic. 11. 
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screw C changes the position of the right-hand plate in 
a horizontal direction at right angles to the horizontal 
movement governed by //, thus permitting the plates to 
be adjusted so that the same point on the two plates may 
be brought into the same vertical plane through the in- 
trument, or the same horizontal plane of the landscape ; 
hy means of the hand-wheel V the stereomicroscope 1s 
inoved on the ¥ axis of the instrument, thus bringing the 
principal rays to any point within the width of the plates, 
corresponding to a vertical movement (or change in ele- 
vation) over the landscape. 

Having placed the plates as described, we read the co- 
ordinates V, ¥ and the parallax @ on the respective scales 
rand y and the drum Z, which, if the instrument is in 
adjustment, are on zero points. Then, as with the stereo- 
micrometer, we place the wandering marker over a point 
in the plastic stereoscopic picture by moving the hand- 
wheels 7 and V and the micrometer screw Z. Instead of 
moving the right-hand pointer as in the stereomicrome- 
ter, we move the right-hand plate, independently of the 
left-hand plate, by the micrometer screw Z. The read- 
ings on the scales V, ¥ and Z enable us now to figure 
the position of the point P in space. 
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Fie. 12. DIAGRAM SHOWING PRINCIPLE OF STEREOSCOPIC 
MEASUREMENTS 
Fig. 13. Tyrer OF SIGNALS FOR STEREOPHOTOGRAPHIC 
SURVEY FOR BAGDAD RAILWAY 


We find the folowing relation from Fig. 12: B is the 
base line, / and // the stations from which the photo- 
graphs were taken and f the focal distance of the objec 
tive. If the plates in the stereocomparator are placed in 
such a way that the picture p, of the point P lies in the 
perpendicular through the center of the left-hand eye- 
piece (the principal ray): and p, is the same point on 
the plate at the right-hand side, then a is a function of 
the parallax @ as measured by the comparator. If we 
draw two rays from / and // through p, and p,, we do not 
get the point p, but a point \ in the horizontal plane of 
I and at a distance A from the base. The distance of this 
point V from J is A = B cot 4, and f = a cot 4; cot 
; Bf 


« = ~, and therefore A = 
a a 


A only depends on a, 


if B and f are given. Hence it follows that all points with 
tarallax measured by the same a correspond to the same 
N, and that P is located on a line, drawn through N par- 
allel to J-J7. The formula A = a, therefore, gives us 
a 
the perpendicular distance of the point P from the end of 
the base line and we find its position on the line VM from 
the x abscissa of the point on the picture at the left. 
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The elevation of P above the station / is found from the 
ordinate y of the left-hand picture. 
{ B 


H=y-— = y- 
ty Ia 


LENGTH AND MEASUREMENT OF Base LINt 


The necessary length of the base line is found by dif- 
ferentiation : 

A = ge dl Fr , du: a J . dA el 

“ a ~ @? A bf 

which shows that the error in locating points Increases 
with the square of the distance and diminishes with in- 
creased lengths of base line and focus. In this way we 
are able to compute the required length of base, assuming 
the limit of error. For instance, when f 
parallax 0.01 mm., which means da 


240 mm., the 
0.01, and allowing 
an error of 5 m., in a distance of 3000 m., we have: 


» 
. 


B= ALA da = 75m. 
In locating points sull farther away the errors increase ; 
for instance, it is 9 m. for 4000 m. and 14 m. for 5000 m. 
The length of the base line should be kept within 80% 
of the theoretical one. 

The measurement of the base line must be fairly accu- 
rate, although no more so than required in ordinary 
traverse work. According to German experience the 
error of measurement should never exceed 1 in 1000, 
an accuracy which may be obtained on level ground with 
a steel tape. In connection with the field work of stereo- 
thoto-surveying, Dr. Pulfrich has invented a horizontal 
rod-measuring device, 1 m. long, which can be set up 
on one of the tripods of the phototheodolite over one 
station at right angles to base line. By stadia methods, 
using the phototheodolite at the opposite end of the 
nase line, the length of the base line may be read di- 
rectly on the red to the required degree of accuracy, by 
means of marks moved by micrometer screws. 


ADVANTAGES AND USES OF STEREOPHOTOGRAM METRY 


The advantages of stereophotogrammetry are the 
facilities for finding corresponding points, which with 
photogrammetry takes great practice and is a very pains- 
taking work, and the possibility of locating a point on 
comparatively level ground with the same accuracy as a 
prominent point. It is possible to follow any line by 
locating points of same. The fieldwork is also reduced, 
as the number of stations can be reduced. 

Before this invention photogrammetry was restricted to 
work in mountainous country without vegetation; it can 
now also be applied to wooded, hilly and mountainous 
country. With this method photographs need not neces- 
sarily be sharp, for exposures made with poor light and 
from bad positions are giving good results in the stereo- 
comparator. Instead of a perspective picture we have 
before our eves a landscape as seen in nature, only on a 
smaller scale, like a plastic reproduction. 

The accuracy of stereophoto-surveying as found from 
actual experience is fully up to the standard of a 
good stadia survey. The location of points at a distance 
from the instrument of 1000 m., using a base line 50 m. 
long, and a phototheodolite having a focal length of 
241.5 mm., was found to be uncertain within 0.8 m. In 
tailway-location surveys with average distances of 200 to 
400 m., and base lines of 25 to 50 m., the aceuracv has 
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been found to be within 0.2 or 0.3 
0.07 to 

Dr. Pulfrich brought the stereocomparator before the 
public in 1901. It is an apparatus which has proved of 
great value in other branches of scientific research work, 
especially in astronomy. Dr. Pulfrich discovered a new 
planet with it, by comparing stereoscopic pictures of the 
sky. At present stereocomparators especially adapted to 
star photography are found in the great observatories 
all over the world. 

Eleven years have passed and stereophotogrammetric 
surveying for railways has now been introduced in Aus- 
tria, Germany and Russia. In order to illustrate better 
the foregoing explanation of stereophotogrammetry, we 
will give a notable example of a stereophotogrammetric 
survey—that for the Bagdad railway in Asia, executed 


by H. Luescher. 


m. for distances and 


0.12 m. for elevations. 


STEREOPILOTO-SURVEY FOR THE BaGpAabd RAILWAY 


The survey by stereophotogrammetric methods covered 
a part of the Taurus in Asia Minor. Although stadia 
surveys of this section already existed, it is a very wild 
country, partly inaccessible and with many deep gulches. 
Luescher used the following instruments for his work: 
One Zeiss phototheodolite, 9 em. x 12 em., with microme- 
ters: three tripods; a horizontal measuring rod; two 
stereocomparalors, 9x12 cm.; two small and one large sig- 
nals; furthermore, the necessary instruments for recon- 
noissance, consisting of a telemeter and an iconometer, 
with a small planetable. The intention was to investigate 
how stereophotogrammetric surveying would compare 
with a stadia survey. 

This survey was made for preparing maps to the scale 
of 1: 500 upon which to base estimates for the necessary 
bridges and retaining walls. There was very little vegeta- 
tion and no difficulties arose in selecting positions com- 
manding complete views of the different guiches. The 
strip was about 600 m. long, the average distance to the 
section photographed was about 150 m.; five stations 
were necessary. 

The survey was preceded by a careful reconnoissance, 
for the selection of the right instrument stations was of 
the greatest importance, especially as to light conditions 
and position of sun. Photographs taken against the sun 
are avoided when possible. The average distance to the 
part of the landscape to be photographed was found with 
a Zeiss telemeter with an enlargement 
amounting to eight times and a base of 50 em. The 
iconometer served to find the width of a strip which 
could be photographed from one double station, and to 
select the proper distances between stations for taking 
pictures, with a sufficient allowance for overlapping. The 
iconometer used consisted of a frame, corresponding to 
the size of the plate, and of a diopter placed at the focal 
distance of the objective of the phototheodolite, so that in 
looking through one could see exactly what the photo- 
graph would cover. 

Fig. 13 shows the type of signal used. The size of the 
signal depended on the distance. .The ends of each 
double station were connected with a footpath, so as to be 
able to transfer the phototheodolite (Fig. 14) quickly 
from one end to the other. 
levels served 


stereoscopic 


Triangulation with necessary 


as skeleton for the survey. The stations 
were not necessarily triangulation points, but if not they 


were carefully tied to the system. 


. 
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[It was proven by this stereophotogrammetric survey 
that the field as well as the office work was considerably 
shorter than if it were done by stadia; besides that the re- 
sulting contour maps showed much more detail than those 
prepared from the stadia survey. 
OTHER STEREOPHOTO-SURVEYS 


Stereophotogrammetry was very extensively employed 
by Russian government engineers in preliminary surveys 
for the Amur railway in Asia. Three parties were sent 
into the field and many miles of territory were mapped 
from stereophotographs. : 


= 


Fic. 14. PHOTOTHEODOLITE UsED For STEREO- 


PHOTOGRAPHIC SURVEYS 


The Austrian government was enabied to conclude the 
preliminary surveys for the state ra:lway through the 
Dinaric Alps along the Dalmatien coast by stereophoto 
methods, where the ruggeaiess of the country had prac- 
tically prevented a satistactery survey by ordinary 
methods. 

On a survey for the --eliminary location of a branch 
of the Austrian State Pys. in Tyrol, a locating engineer, 
with one assistant an. four helpers, using a_photo- 
theodolite, was able to complete work in a few weeks, 
where stadia parties had been unable to get the requisite 
data in a whole season’s work. On this survey it was 
found possible to complete about 3 km. of reconnoissance 
work a day. The preliminary survey as a whole was done 
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with a progress of 1 km. per day. The maximum dis- 
tance from the instrument to the landscape photo- 
graphed was 600 m. The country was very rough and the 
necessary grades could not be obtained without extensive 
development. 

Many surveys for water-power development in the 
Alps Mountains have been made by stereophotogram- 
metric methods. Extensive topographical surveys have 
been made by stereophotographic methods in German 
Southwest Africa. The German, Austrian, French and 
Russian armies all make use of stereophotographic meth- 
ods for obtaining maps from balloons, and recently the 








Fig. 15. THe STEREOAUTOGRAPH AND Its INVENTOR, 


Capt. RITTER VON OREL 


British government has purchased a complete aéronauti- 
cal stereophotographic surveying outfit for similar work. 
THE 


There is another improvement which still more reduces 
the office work of using the stereocomparator. In work- 


STEREOAUTOGRAPH ¢ 


ing with the stereocomparator, we get the necessary data 


from different scales and then caleulate the distances of 
Bf 
the points from the base line by the formula A = oo . 


before we are able to plot these points on the drawing. 


Dr. Pulfrich invented some vears ago a drawing ap- 
any point directly 
from the values read on the different stereocomparator 
But by a still 
more recent improvement the readings on the different 
scales are also eliminated and the plotting can now be 
executed automatically. As has been shown, in order to 
find the elements of a point we have to move the frame 
If all these movements are trans- 
ferred directly to a drawing apparatus automatically, all 
Captain Ritter von Orel, 
of the Austrian Military Geographical Institute, is the in- 
He trans- 


or A: B= 


f : a, which would give impracticable intersections, into 


paratus which enables’ one to plot 


scales without preceding calculations. 


and set the marker. 
the computation is avoided. 


ventor of an apparatus to accomplish this. 


Bf 


formed the distance formula A = 


A: Br = f : 
x 


- 


tion angle in the same proportion as the base line. This 
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a, in this way increasing the intersec- 

















































609 


modified distance formula is the basis of his instruanent, 
which he calls a stereoautograph (Fig. 15). 

The stereoautograph is connected with a drawing board, 
and transfers all the sliding movements through levers 
by an arrangement similar to a pantograph (Fig. 16). 
The wheel on the left (Fig. 15) 
taining the two plates (negatives) and gives the -V ordi- 
nate as already explained. The wheel on the right moves 
the plate on this side only and thus gives the stereoscopic 
parallax, taking the place of the micrometer drum. The 
lever-arms visible in the background transfer these move- 
ments to the drawing pin, on which Capt. von Orel’s 
right hand is placed. 


moves the frame con- 


Fig. 16 shows a diagram of the stereoautograph. The 
horizontal drawing board is connected with the lower sup- 
porting part of the stereocomparator. The pin joints 
I, II and IIT are located on a line parallel to the Y axis 
of the instrument and are the turning points for the lever- 
arms which are actuated by the three movements 1, Y 
and a. The movement of the arm through J traces the 
horizontal projections of the points of the landscape of 
the left-hand plate; 7/7 their vertical projections, and the 
movement of the arm through /// is a magnified function 
of the parallax. 

Fig. 16 shows the instrument set on a point to the left 
of the principal line a distance 2,, and above the hori- 
zontal line a distance y,. The distance f equals the focal 
distance previously described, and the distance A depends 
on (Bz) the chosen scale. The Y movement of the stereo- 
comparator is transmitted by the sliding guide F’, to the 
lever turning around the axis 7. The movement of F, 
measures 2, the tan. ¢ (Fig. 16), while the movement of 
the arm reproduces the angle @ directly on the board, 
and the angle @ can be read on protractor 7,. This 
corresponds to a direct horizontal angle measurement be- 
tween a perpendicular to the base line at the station and 
the point of the landscape on the left-hand plate. 








DIAGRAM SHOWING CONSSRUCTION OF THE 
STEREOAUTOGRAPH 


Fic. 16. 


As soon as the marker is set, the position of the lever 
R, gives the direction of the point P. In a similar way 
we find the vertical angle. By turning wheel F, the 
movement of the slide Y is transmitted by means of a 
lever Rp, which is connected by a right-angle arm at F, 
with the Y slide; its axis also is located at the focal dis- 
tance f from F,. This movement reproduces automati- 
cally the vertical angle from the horizontal plane of the 
station to the point in the landscape. 
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hig. 17. EXAMPLE OF A STEREOPHOTOGRAPHIC SURVEY; ORTLER MOUNTAINS IN TYROL 
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The setting of the marker on any point on the left- 
hand negative thus gives the horizontal and vertical 
angles of the* point automatically. The position of the 
point itself depends upon the distance 4 and is found by 
a systemeof gears which carry a long straight-edge, each 
end of which is attached to a worm-screw carrier. The 
carriers travel along the screws S,, and are moved by 
means of the wheel F?,, called the depth wheel. The car- 
riage on which the right-hand negative moves has neo 
micrometer scale to read the parallax: but wheel 2, gov- 
erns the movement of the lever Z by means of the sliding 
carriage F,, and moves the right-hand negative at the 
same time until the marker is placed correctly, when the 
stereoscopic parallax and required distance correspond. 
Here we are finding the parallax and distance simultane- 
ously, in opposition to the old way, where we calculated 
the distance, which corresponded to a_ predetermined 
parallax. 

The straight edge UU is parallel to the base bar and 
therefore contains the horizontal projections of all points 
of the same parallax. We now have automatically the 
solution of the problem illustrated in Fig. 12; while the 
intersection of the line of the arm FR, with the line VV 
(Fig. 12) gives the position of P. At P a pencil is pro- 
vided for marking the point. On the scale WV is read the 
relative elevation of the point P in space, referred to the 
Ji.l. To read the real elevation of 7, it is only necessary 
to adjust the scale WM in such a way that it will read the 
correct elevation when the instrument is set on the known 
datum piane. It is clear that the scales of 7. f and -1 
are always the same, as all three are dependent on the 
constant f and the base Br. This latter can be changed 
to allow a change in the scale of the drawing. The seale 
is limited only by the size of the drawing board and the 
whole or part of the photographs to be plotted. 

Contour lines may be drawn automatically. To do 
this the elevation scale M has a division which corre- 
sponds to the scale of the drawing. By means of the 
clamp A, on the lever 2?,;, h can be set to any desired 
elevation; then by releasing the movement of the micro 
scope carriage by unfastening clamp Ay and moving the 
straight-edge UU by the wheel Py. points of the same 
height may be easily and quickly located. The point Ay, 
will follow mechanically the line SS. which is nothing 
else than the horizontal projection of a contour plane. 
Shifting of the microscope carriage apparently makes the 
inarker trace the course of the contour as seen in perspec- 
tive from the station on the left. 

[t is also a simple matter to draw contour lines directly 
on a photographic print of the plate on the teft. To do 
this it is only necessary to transmit to the print move- 
ments corresponding to the apparent movement of the 
marker (on the left-hand plate). For this purpose a 
photograph is fastened on a little board, which is con- 
nected with the 1 movement of the carriage, so that it 
follows all its movements. The arm P,P, ending in a 
point transmits the changing y of the microscope carriage 
and traces the apparent vertical movement of the 
marker, 

To find now the intersection of the contour plane with 
the stereoscopic picture we move R, with the teft hand 
and FR, with the right hand, starting from the left side 
of the picture. The wheel FR, is not used. Wherever the 
marker is made to touch the plastic picture are points of 
equal altitude. The pencil at P will draw the horizontal 


ENGINEERING 








NEWS ’ Ol} 


projection of this cut on the plan and the point 7’, on the 
print the perspective course of it. Without moving the 
eyes from the eye-piece the two pencils will draw auto- 
matically the contour line on the map and its perspective 
picture on the photograph (Fig. 17). 

The exactness of these contour lines depends entirely 
on the ability of the operator. In the first place he must 
be able to see stereoscopically, so that he is able to move 
the wandering marker with exactness along the stereo- 
scopic picture. Every contour line can, of course, be 
checked hy going over it a second or third time. 

A new stereoautograph is in the course of construction, 
in Which the wheel ?, can be moved by the foot, so it will 
be possible to execute all three movements simultaneously. 


APPLICATIONS OF THE STEREOAUTOGRAPH 


In 1907, the stereoautograph was used to plot the 
stereophcto-survey of the Ortler Mountains in Tyrol 





Kia. 18. ComMPpLere Ser or INSTRUMENTS FOR A 
STEREOPHOTOGRAPHIC SURVEY 


(see Bie, 17}. The field) work occupied eight days 
and the office work ten da¥vs. The result was a splendid 
map of the Ortler group, for which the International Ex 
position of Photography, held in Dresden, m= L909, 
awarded the honor prize, and it received the grand prize 
at the International Exposition of Means of Communica- 
tions, held in Buenos Aires, Argentina, in 1910. The 
work was checked in 1909 by other surveying parties. 
Extensive stereophoto-survevs have been made in thi 
checked by other methods. In two days of field work an 
area 20 km. square, situated in the higher part of the 
“Zwickauer-hiitte,” in the valley of Passeier, were photo 
graphed from two double stations. The office work was 
completed in 16 hours. The result was a map to a scal 


Austrian Alps; surveys which gave very good results when 


of 1: 25690, with 20 m. contours in the lower levels and 
100 m. in the higher levels. 

The field for stereophoto-surveys In combination with 
the stereocomparator and autostereograph is a vast one; 
to mention only a few cases, there are coast surveys from 
¢ ship with a camera placed at each end: surveys for 
studving the movements of glaciers, and stereophoto- 
surveving from balloons, aé@roplanes and by means of 
kites. Last but not least, photogrammetry and_ stereo- 
photogrammetry may be used extensively by architects, 
by taking interior and exterior pictures of ancient build- 
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ings, to enable them to make plans, elevations and sec- 
tions for their own use and for posterity. 

The German government created a special department 
in 1882, called “Koniglich Preussische Messbildanstalt,” 
which now has a very numerous collection of photogram- 
metric surveys of all the public buildings, churches, mon- 
uments, etc. A few years ago, this institute was com- 
missioned by the Grecian government to survey by pho- 
togrammetry all the antique ruins of Greece, a work 
which was finished successfully . Photogrammetric in- 
struments are of great value to explorers, and there is 
now no German or Austrian expedition sent out without 
the necessary instruments for photo- or stereophoto-sur- 
veying. 

[Since this article was prepared for publication, we 
informed that the instruments described are 
to be handled in this country by the Bausch & Lomb 
Optical Co., Rochester, N. Y. The list price of .the 
phototheodolite is $684, or $1137 with accessories and 
extras. 
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The list price of the stereocomparator is $815.— 
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A Small Water Works Plant 
for Kingsburg, Calif. 
By C. F. Braun* 


The town of Kingsburg is one of the many growing 
small town, in the San Joaquin valley, and has a popula- 
tion of about 1000, In order to keep pace with its pro- 
gressive neighbors, and to secure its share of California’s 
increasing population, the city fathers planned a system 
of water-works for which the people voted a $26,000 bond 
One of the features of the plant is the pump in- 
stallation. This .includes two centrifugal pumps, of 
which one is driven by an electric motor with an auto- 
matic control, while the other pump is driven by a gaso- 
line engine. 


issue. 


The supply of water is obtained from two wells about 
SO ft. deep. A combined flow of about 900 gal. per 
minute is produced, the water being clear, palatable and 
only slightly hard. The surface water-level is about 8 
{t. with respect to the ground and is lowered 20 ft. when 
the full quantity of water is being pumped. Particular 
care was taken that the part of the well-casing near the 
surface should be made tight, so that surface water 
should be excluded from the well, and possible eontamin- 
ation avoided. 

Owing to the small size of the plant, automatic opera- 
tion was as far as possible desirable and the electrically 
driven centrifugal pump was selected as meeting the re- 
quirements. The general-service pumping unit consists 
of an Alberger 4-in., two-stage, turbine-type, centrifugal 
pump, direct connected to and mounted on a common 
cast-iron base with a General Electric induction motor, 
operating at a synchronous speed of 1800 r.p.m. The 
motor is of the squirrel-cage type, rated at 30 hp., with 
an overload capacity of 25% for two hours, and operat- 
ing on 440-volt, 60 cycle, 3-phase current. 

The normal rating of the unit is a delivery of 450 gal. 
per minute against a total head of 150 ft., with an over- 
all efficiency from electric line to water, of 60%. Under 
test, an actual over-all efficiency of 62% was obtained, 


*President, C. F. Braun & Co., Mechanical Engineers and 
Contractors, Pacific Sales Managers, Alberger Pump & Cone 
denser Co., 503 Market St., San Francisco, Calif. 
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which is a result exceedingly gratifying with so small a 
unit. The pumps may discharge to the tank or mains as 
desired. 

The characteristics of the pump are such that at no 
point over the entire range of discharge, even with closed 
discharge valve, can the pressure developed by the pump 
the normal by more than 12%. The pump is 
absolutely automatic in this action, and a dangerous pres- 
sure cannot possibly be developed on the mains or pump 
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CHARACTERISTIC CURVES FOR ALBERGER TWO-STAGE 
TURBINE Pump 


(Constant speed, 1720 r.p.m.) 


The head curve is unusually flat (see accompanying 
diagram). Variations in capacity above and below nor- 


mal do not produce great variations in the pressure. This 


characteristic is very desirable in water-works service, for 
if water is pumped into the mains the quantity required 
is continually varying, while if pumped into a tank the 
head varies. The power curve shows that under no condi- 
tions of load can the power required be greater than 20% 
above normal, the motor and other electrical equipment 
thus being protected from overloads beyond their ca- 
pacity. This feature is important, as with other types of 
apparatus the rupture of a pipe main and consequent sud- 
den reduction of head on the pumping unit often causes 
overloading the motor to such an extent as to destroy it. 
This unit is thus made practically fool-proof without the 
aid of relief valves, by-passes or other protecting or regu- 
ating devices. 

Such characteristics as have been described are also 
adapted to fire-fighting purposes. One good fire stream 
can be delivered at 74 lb. pressure, two good streams at 
62 Ib. pressure, or three fair streams at 32 lb. pressure, 
all automatically. 

The attention required and the cost of upkeep for such 
a unit are practically nil. The only parts requiring lubri- 
cation are the two bearings on the pump and two on the 
motor. These are ring-oiling, and are constructed with 
renewable bronze bushings, so that in case of wear a re- 
placement is a matter of only a few minutes. The pump 
is provided with a marine-type thrust-bearing to take care 
of any slight, unbalanced thrust that might develop, due 
to wear in the pump, and slight inaccuracies in manufac- 
ture. The thrust-bearing is water-cooled, which prevents 
any possibility of heating. The water passages of the 
pump, including impeller and diffusion vanes, are of 
bronze, carefully machined and polished, which insures 
long life and sustained efficiency. 
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While the efficiency of such an outfit may not be quite 
as high as that of a plunger pumping-unit under test, the 
efficiency of the centrifugal pump will be maintained in 
actual service, whereas leaky valves, poorly packed stuffing 
boxes, and general wear will soon reduce the initial effi- 
ciency of the triplex to a much lower figure. 

Klectrical energy to operate the motor is purchased 
from the public service corporation whose lines serve the 
town. ‘Transformers to step down the primary voltage 
from 4000 to 220 are placed outside the pump house. 

To insure continuous service to meet the requirements 
of the fire underwriters calling for two sources of power, 
and to independent power corpora- 
tions, an auxiliary gasoline engine pumping-unit was 
provided. The pump-end of this unit is an exact dupli- 
cate, both mechanically and hydraulically, of the motor- 
driven pump, so that the parts are interchangeable. The 
pump is mounted on a common cast-iron base, and gear- 
driven by a 30-hp., three-cylinder, vertical, gasoline en- 
gine, operating at 350 r.p.m. A gasoline supply-tank is 
placed underground outside the building. 

The pumping machinery is situated in a_ concrete 
waterproof pit, 12 ft. long, 14 ft. wide and 8 ft. deep. 
This places the pump at the water level, so that the suc- 
tion lift is reduced to a minimum, which is a desirable 
condition for the best operation of centrifugal pumps. 
A 6-in. suction pipe runs from the bottom of the pit 
horizontally to each well and extends 30 ft. down, ter- 
minating with a foot valve. Each suction pipe is pro- 
vided with a gate valve inside of the pump pit, so that 
each well may be operated independently. A 3-ft. man- 
hole and pit over each well provides access to the suction 
pipes and foot valves for cleaning or repairs. 

A 40x40-ft. house covers the pump pit and also con- 
tains a meeting room for the city officers and a room 
for a hose wagon and small fire-fighting apparatus, a very 
convenient and economical arrangement. The house is 
constructed of metal lath and concrete, so that it is fire- 
proof and at the same time inexpensive. 

A 60,000-gal. steel tank on a 100-ft. tower provides an 
adequate reserve supply for domestic or fire service. Four 
converging legs with wind bracing and struts, resting 
upon concrete blocks, form the tower. These support the 
tank, which is 19 ft. in diameter, 22 ft. deep and has a 
hemispherical bottom of 1014 ft. radius. A conical roof 
gives the structure a finished appearance and excludes 
birds and dirt. 


be of electric 


A float in the tank makes an electrical connection when 
the water level is reduced to 4+ ft. below normal, and the 
motor-driven pumping-unit is automatically started by a 
solenoid-resistance-type starter. When the water level 
again reaches normal, the float breaks the contact and the 
pumping is stopped. <A regular operator can therefore 
be dispensed with. 

The city emplovs a man who makes service connections, 
collects money and attends to all general water depart- 
ment business, and merely looks over the pumping ma- 
chinery occasionally to see that the oil reservoirs are 
Full. 

The population to be served at the start did not war- 
rant a very elaborate distributing system. Care was 
taken in laying out the system, however, so that lines 
would be sufficiently large for fire-fighting purposes, and 
that extensions could readily be made. The money avail- 
able for this work limited the selection of pipe to steel 
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casing with lead joints. This was carefully dipped in 
asphalt so that corrosion would be retarded, and reason- 
able life obtained. There was laid 2000 ft. of 8-in., 18,- 
OOO ft. of 4-in., and 11,000 ft. of 2-in. pipe. 

The cost of the entire plant was about $24,000. Olm- 
stead & Gillelen, of Los Angeles, were the engineers, and 
C. F. Braun & Co., of San the 
structors of the entire work. 


Francisco, were con- 


2 


3 
The Milwaukee Ave. Viaduct, 
Chicago 

The viaduct carrying Milwaukee Ave., Chicago, across 
a group of railway tracks has been rebuilt recently and 
is the first of the kind in that city in which reinforced- 
concrete spans have been used. The following descrip- 
tion is from a paper read by L. K. Sherman (one of the 
contractors) at the annual meeting of the Illinois Society 
of Engineers and Surveyors: 


The viaduct crosses the main tracks of the P., C., Cc. & 
St. L. Ry. and the main and yard tracks of the C., M. & St. P. 
Ry. and the C. & N. W. Ry. at an angle of 45°. There are 
ten spans, as follows, starting from the south: 66-ft. steel 
through girder span, 157-ft. steel through truss span, eight 


reinforced-concrete girder spans varying from 52 ft. 6 in. to 
58 ft. The north reinforced span consists of encased steel 
girders. The steel spans were used over the main tracks, 
where continuous operation of trains precluded the use of the 
talsework necessary for concrete construction. The founda- 
tions for the piers rest on 50-ft. piles, which had to be ar- 
ranged so that the pier footings straddle the Illinois Tunnel 
Co. tunnel, which runs under Milwaukee Ave. The piers are 
a feature of the structure. On account of car clearance on 
the adjacent tracks they are only 15 in. thick. Each bent 
consists of four of these concrete piers or columns, 15x48 in. 
and 15x72 in., with a concrete cross girder. 

The roadway is 40 ft. wide, with two tracks for electric 
cars. Outside of the main girders on each side are 8-ft. canti- 
lever sidewalks, making a total width of 61 ft. The concrete 
floor is about 10 in. thick, supported by reinforced-concrete 
girders 25 in. wide and 2 ft. 9 in. deep, placed at right angles 
to the piers, giving a 40-ft. span. The main girders, along 
the curb line, are 10 ft. 6 in. high and about 2 ft. thick, and 
owing to the skew these are required to support the floor 
girders. The main girders are supported on the piers by 
heavy structural steel brackets encased in the concrete. The 
clearance from top of rail to bottom of girder is about 17 ft. 

Some complications in construction were involved. Most 
of the yard tracks had to. be left clear each evening for 
switching purposes at night. In order to give the necessary 


clearance for cars and the team roadways, the floor and 
girder forms had (in most cases) to be suspended by rods 
from overhead falsework. Timbers, 8x16 in., were required 


for falsework on account of the 12-ft. spans over tracks and 
roadways. The foundation concrete was placed from a mixer 
set up on a flat car. The superstructure was built by hoist- 
ing the concrete in an elevator from a mixer near the supply 
track and distributed by push carts of 6 cu.ft. capacity. 
tric power was used to operate the two mixers, hoist, 
mill and boring machines. There are about 4000 cu.yd. of 
concrete in the structure and over 300 tons of reinforcing 
steel, or about 125 lb. of steel per the cu.yd. The concrete 
in general was 1:2:4 (using crushed limestone), except 1:4 
for columns and 1:3:6 for some footings. Tests of the con- 
crete have shown over 4100 lb. per sq.in. compression, with 
an average of about 3000 lb. The columns are heavily rein- 
forced with square spiral and vertical rods, four to six sets 
in a column, and bound with horizontal stirrups. The col- 
umns were difficult to pour and spade and required much ex- 


Elee- 
saw- 


perimenting for satisfactry results. The cement gun was 
used for pointing to some extent. 


The structure was designed by the engineers of the C., M. 
& St. P. Ry., and the erection of the steel spans was per- 
formed by them. All of the concrete structure was built by 
L. K. Sherman & Co. 

33 

An Ordinance for the Removal of Poles and wires from 
residence streets of the city of Madison, Wis., been held 
void by the State Railroad Commission. The commission is 
of the opinion that the ordinance was prompted by esthetic 
considerations only and, therefore, is unreasonable. 


has 
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The Latah Creek Bridge, Spokane, 
Wash. 
J. F. GreEeNne* 


A concrete bridge of pleasing design and monumental 
size -is now under construction across Latah Creek, in 
Spokane, Wash. As shown in the plan in Fig. 1, the 
new bridge is so located that its center line parallels an 
adjacent old timber trestle which is in such precarious 
condition as to demand replacement, The new line 1s 
curved at one end so as to connect two different streets 


On opposite sides of the valley. 


teh as 


ay 


Fie. 1. PLAN AND OUTLINE ELEVATION OF 


of seven arch spans, varving in length from 54 to 150 
ft. clear span. Two of the arches at the west end are 
on the curve: with their piers on radii. It has a +5-ft. 
roadway, with two 7-ft. sidewalks and carries a double 


The Latah Creek Bridge is 940 ft. long and consists 


track for heavy interurban railway cars. Each arch con- 
sists of four arch ribs, carrying the roadway slab on 
spandrel columns and arches. 

In the determination of span lengths for the arches, 
architectural considerations were given much weight and 
an effort was made to effect a combination which was 
adapted to the ground line and site. The intrados and 
eXtrados curves are many centered, and were so laid out 
as to give a neutral axis which conformed very closely 
with the thrust line under dead load. The thickness of 
the arches are such that under any system of loads the 
line of resistance lies within the middle third, and the 
maximum stress is below 500 |b. per sq.in. Steel rods 
are added for temperature stresses. 

FouUNDATIONS—Before beginning the design, test pits 
were sunk which disclosed a bed of hardpan below the 
creek bottom and a very compact sand at other points. 
As a result of loading tests upon the sand, the maximum 
pressure of 6 tons per sq.ft. was determined upon and 
heavy reinforced-concrete spread foundations were de- 
signed for this condition. In Pier 1, located on the east 
hank, in addition to the base shown on the plan, a cut- 
off wall 10 ft. deep, 6 ft. wide at the top and 3 ft. wide on 
the bottom was built along the west edge of the pier. 
During excavation for this pier, the sand alone the east 
face stood without sheeting for a depth of 30 ft. 

The piers are of the box type, with solid 


*Construction Engineer, City Engineer’s Department, Spo- 
kane, Wash. 
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longitudinal sections 1a line with the arch ribs and con- 
necting curtain walls. Below the level of the sidewalks 
they are solid. 

ArcHEsS—-The arch ribs are spaced 16 ft. 6 In. ¢. to ¢. 
and in all the spans are 5 ft. wide for the outer two ribs 
and 6 ft. wide for the mner two. They vary in thickness 
with the length of the span. Each outer rib is connected 
io the adjacent inner one by a thin slab at the intrados, 
hut the mner two ribs are not connected except by the 
floor slab. As shown in Figs. 2-3, this floor slab is of 
reinforced concrete, carried on beams between the arch 
ribs and the spandrel arches and dropped down below 
level to allow space for the railway track. A water- 
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THE LATAH CREEK BripGE, SPOKANE, WASH. 


proofing mat consisting of three alternate layers of bur- 


lap and asphalt cover this slab: a waterproofing cover of 


2144 in. of concrete and a d-in. sand cushion for + in. 


creosoted-wood blocks rest on top. 


The two arches on the curve are of interesting design. 
In them the piers are on radial lines and the four arch 
ribs are straight, parallel and of varying length, as shown 
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Hatf Section through Pier Halt Section through 54 Ft. Arch Crown 


Fra. 2. CRoss-sECTION THROUGH FLOOR oF 
Tyrrean Arcu 
in Fig. 3. The curve is made in the transverse floor- 
beams spanning across the longitudinal beams. which are 
in line with and above the arch ribs. 

Expansion Jornts—In the spandrel walls, expansion 
joints are provided at the ends of each panel and con- 
cealed behind pilasters. The design of spandrel arches 
is one about which there is considerable difference of 
opinion among engineers. In the Connecticut Ave. 
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Fie. 3. Derartts or ARCH ON CURVE 


Bridge, at Washington, D. C.,* and the Monroe St. age of voids equal to 33, At times owing to the difficulties 
Bridge at Spokane,+ the simple treatment of the longi- of hauling over wet roads or a demand in excess of the 
tudinal faces of spandrel walls eliminated pilasters for capacity of the gravel plant, a crushed rock, showing 
concealing expansion joints. A fall in temperature, which voids of 45%, Was used. 

lowers the main arch, draws the spandre! arches away To eliminate the necessity for excessive cement-storage 
from the piers, provided that there are no joints between capacity at the bridge, an inspector was sent to sample 
the pier and crown of the arch. 

In the Connecticut Ave. Bridge joints were left at the 
crown of each of the spandrel arches, which are visible at 
a distance of several hundred feet. On the Monroe St. 
Bridge, joints were placed at the third points and steel 
enough placed in the walls from joint to joint to take up 
the thrust of the two outside arches. Unconcealed joints 
are unsightly end even concealed joints are objectionable 
because it is exceedingly difficult to prevent leaks from 
these points. 

Minor Detaits—Surface drains are provided at each 
pier and sub-drains for the expansion joints lead into 
these main drains. Provision has been made for a 12- 
duct line for the Washington Water Power Co., an 8-duct 
line for the telephone company; for a 12-in. water. main 
and for a 12-in. gas main. Ornamental cast-iron posts 
resting on a concrete handrail support lights on the piers. 





CONSTRUCTION ; Fic. 4 
Te 


View or Pers DURING CONSTRUCTION 


MatertaAts—The aggregate, consisting of screened 
gravel, ranges in sizes from 214 to 14 in. with an average the cement placed in storage at the mill, the cement being 
percentage of voids equal to 37. The sand, screened from shipped upon the expiration of the time required for 
the same pit, is well graded and with a uniform percent- 30-day tests; and this cement was frequently taken di- 





*“Engineering News,” June 1, 1905, p. 571. rectly from the cars to the mixer, thereby ‘eliminating re- 
i“Engineering News,” Sept. 2, 1909, p. 241. handling. 
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PLaNt—The concrete plant is located at the east end 
of the bridge and consists of a storage bin for sand and 
rock, a half-vard batch mixer, a cement shed of 2000 
bbl. capacity located on a railroad siding, and adjacent 
to the mixing plant, and an industrial railway running 
along on the south half of the trestle with turn-outs, and 
hoppers for depositing the concrete in the arches and 
piers, 

ConcretE—The after 
loaded into a train of two two-yard side-dump cars and 


LAYING concrete mixing, was 
drawn to the proper location by a g& soline locomotive. 

fter dumping through holes cut in the deck of the old 
wooden trestle, the concrete flowed through open steel 
chutes to place. 

This method of concreting produced an atmosphere of 
continual turmoil with the contractor owing to a natural 
desire to use an excessive amount of water. The water 
float 
trolled by a 2-in. valve, and the amount was under the 
control of the operator. Any tendency of the concrete 
to stick in the mixing hopper or in the cars. or to clog 
in the chutes, is most readily offset by the addition of 
water, and a fluid mix requires little or no handling upon 
final deposition. During the construction of the piers, 
which contained about 40 yd. of concrete for each lineal 
foot of depth, the concrete was placed in layers of a foot 
at a time and an interval of an hour would elapse be- 
tween the completion of pouring upon a section and the 
beginning of another pouring upon the same_ section. 
During this interval any excessive water in the concrete 
the and lie in 
Such a condition resulting from this or other causes is 
bad for several reasons. First, because this water, stand- 
ing long enough to clear, 


Was measured in a tank with a attachment. con- 


would rise to surface pools thereon. 


deposits a layer of scum or 
laitance such as one may see upon a pier deposited under 
water: secondly, the new concrete crowds the water ahead 
of it, and this water in its movement washes the cement 
from the aggregate over which it passes. If It passes 
near a form, even though that portion of the concrete be 
spaded, streaks of wash sand will be visible upon the re- 
moval of forms. If the mixture as it is being deposited 
is so liquid that it will flow into place with little or no 
shoveling, it is very probable. that there are pockets of 
grout, and of rock, and that there is not a uniform ag- 
Whether concrete poured with an 
water, such as one sees on many of the jobs in which the 
chuting system is employed will equal in life that which 
just quakes under foot and no more, time alone will 
tell. 
Under 


gregate. excess of 


the system of inspection adopted, one man 
placed at the mixer, watched the measuring and mixing, 
checked the receiving and use of cement, and took void 
tests on sand and rock at two-hour intervals during the 
runs. From these void tests the quantity of concrete 
placed each day was determined and checked against the 
estimated amount of the run figured from the dimensions 
in place and a variation of more than 1% was investi- 
gated. A second inspector, located at the point of plac- 
ing supervised the spading and working up of the con- 
erete. 

MretHop or ConcreTING—The arches were concreted 
with voussoit sections, eight to each pair of ribs, and 
three keys, one at the crown and one at each third point. 
Each of the third point keys contained a 12x12-in. rein- 
foreed-concrete strut as a hinge. 


In every case, owing to 
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the settlements of the falsework, these struts developed 
open cracks on the top side. The keys were composed of 
the same ageregate, 1: 2:4, as the rest of the arch ring, 
but were placed very dry to reduce shrinkage. 

In the process of concreting, the crown sections of the 
arches were placed first. As several of the arches were 
upon filled ground and settled 0.06 ft. under load, and as 
under this rib system no provision had been made to re- 
lieve the compression of the ribs owing to the settlement, 
there was a bulging at the third points which had to be 
relieved. 

ForMs—The forms for the piers consisted of panels 5 
to 7 ft. high, with vertical sheeting, 2x10-in. tongued- 
and-grooved pieces, and 3x8-in. horizontal waling spaced 
+ ft. ©. The walings are tied by twisters of 14-in. 
galvanized wire spaced 4+ ft. ce. 


mC; 
to «, pulling against 
spreaders which are inserted between forms and removed 
as the concrete level rises. An objection to vertical 
sheeting on pier work is that the vertical board marks 
accentuate the horizontal joint marks between different 
day’s runs. 

The side forms for the arches were framed ‘on the 
ground in panels with both the extrados and intrados cut 
to curve. These forms were tied together across the top 
With 2x8-in. planks, cleated to the lagging at the bottom 
and tied with galvanized-wire twisters at an intermediate 
level. The forms for the inner walls of the arch ribs 
were held up by temporary legs resting on the lagging 
and were removed as the conereting progressed, the 
weight of the forms coming upon the 2x8-in. ties which 
connected the outer forms. The lagging for the extrados 
was nailed on the backs of the side forms. 

FaLseworkK—The falsework consisted of 8x8-in. posts 
spaced about 14 ft. centers longitudinally, and 5 ft. cen- 
ters transversely. Upon these posts were placed corbels. 
3 ft. long cut to curve, over which was built up a rib con- 
sisting of seven planks 15g in. by 12 in. by 16 ft., nailed 
together and bolted with 54-in. bolts spaced 18 in. c. to 
c. It was intended that these ribs should carry the load 
to the posts by arch action, and provided that the ends 
of the ribs could have been fixed, there was sufficient see- 
tion to do the work safely. During the process of adjust- 
ing the lagging it was found possible to take the arch 
out of these ribs with light wooden wedges, and in view 
of this, the contractor was required to reduce the spans 
of the ribs to one-third the original length by inserting 
{x6-in. struts running from the bottoms of the ribs to the 
adjoining posts. 

The erection of falsework was undertaken upon Arch 6 
first, located at the west end of the bridge and upon a 
curve. This arch has a span of 128 ft. on center line, 
with its west face at springing line upon a radial line 
forming an angle of 82° 4’ with the center line. Both 
of these conditions, namely the beginning of the work 
and the peculiarity of the span, combined to make the 
unit cost of erection of falsework in this span 3.2 times 
that of Span 4, and the labor cost on forms 1.4 times 
that of Span 4. From a standpoint of economy; it seems 
evident that radial piers are not desirable. 

ConstrucTION MrtHops—A comprehensive cost  re- 
port of the job has been kept; a daily report, embrac- 
ing total quantities and cost for each individual portion 
of the work, and a monthly report upon which the totals 
for the month are drawn off, the unit pieces for the differ- 
ent classes figured and the percentages of the completed 
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portion to the whole estimated. Duplicates of all reports 
are made, one copy for use at the bridge, and one for the 
city engineer’s office files. 

A diary is also made out daily containing a record of 
accidents, discussions and disagreements, and whatever 
else that might prove of use or interest. 

PERSONNEL 

The contractor for the bridge is J. E. Cunningham, 
of Spokane; the contractor’s superintendent, J. C. Stack. 
The design and construction of the bridge were unde: 
the direction of Morton Macartney, City Engineer, the 
design having been made by W. 8S. Malony, and checked 
by Waddell & Harrington, Consulting 
Kansas City, and the construction in charge of J. F. 
Greene, with W. H. Fisher as assistant. 
price for the whole structure was $416,000, 


A 


A 200-Mile, 90,000-Volt, Direct-cur- 
rent Power Transmission Project 
in Sweden and Denmark 


The Danish government, to meet the increasing de- 
mand for electric power in Copenhagen, for some time 
has been negotiating with the Swedish government for 
the sale and transmission of electric current from the 
new large hydro-electric station recently built by the 
latter at Troilhattan. The report of the engineers, re- 
tained by these governments to study the feasibility of 
the project, has now been made and is abstracted in the 
Electrical World of Feb. 8, from which the following is 
arranged, 


Engineers, of 


The contract 
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LINE OF THE ProposEeD TROLLHATTEN-COPENHAGEN 
90,000-vVOLT DIRECT-CURRENT TRANSMISSION LINE 


The Trollhattan plant is now equipped with eight 
10,000-hp. turbine units, with space provided for two 
more of the same capacity. It is proposed to transmit 
to Copenhagen this spare 20,000 hp. At the outset addi- 
tions to the existing steam plant were considered, but it 
was found that the cost ef generating such a local sup- 
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ply would be made up of a fixed annual charge of $5 pe 
kw., plus O.4e. per kw.-hr. 

In order to make the transmission project feasible. 
a nearly continuous load was found necessary on ac 
count of the large expenditure in the transmisston line. 
It was found that about a third of 
demand, or 11,600 kw., could be maintained during 5200 


the local maximum 


hr. per vear, or for some i4 hr. per day, giving a load 
factor of nearly 60% for this portion of the local service. 
The 11,600 kw., with transmission losses, corresponds to 
about 20,000 hp. at the Trotlhittan plant, and this would 
absorb the output of two generating units not vet  in- 
stalled. 

The route of the proposed line, shown in the accom 
panying sketch map, would be along the west coast ol 
Sweden, from Guthenburg to Helsingborg over the Strait 


of Oresund to Helsingér, and along the coast of Den 


ESTIMATED COST OF GENERATING 
TRIC POWER; 


AND TRANSMITTING ELP 
TROLHATTAN-COPENHAGEN PROJECT 


Direct Current 


Cost of Annual Cost of Annual 
Installation Expenses Installation Expenses 


Alternating Current 


Generating station:— 
Two 10,000-hp. turbines and aux- 


iliaries. $51,000 $7,600 
Three-phase generators j 70,500 6,600 
Transformers at Trollhiittan $1,500 2,950 
Switch gear. : 27,000 2 650 
Wages, oil and supplies. . 3,200 


$210,000 $23,000 


Changes for turbines $40,500 $3,400 
Isolating machinery. 2,700 200 
$43,200 $3,600 
Four 5000-hp. turbines. . $81,000 $7,600 
Direct-current generators and 
auxiliaries. . 216,000 21,400 
Wages, oil and supplies......... 3,200 
$297,000 $32,200 
Transmission line: 
Iron poles, including erection, at 
at $1350 per mile. . $275,000 $27,200 
Insulators, at $390 per mile 80,000 7,900 
Iron cable, at $87 per mile 17,900 2,500 
Copper conductors, at $1525 per 
mile. 310,100 21,000 
Wages for linemen 2,200 
$684,000 $60,800 
Poles, including erection $125,100 $13,000 
Insulators. . 31,900 3,200 
Iron cable. 17,800 2,500 
Copper conductors 166,200 11,300, 
Wages for linemen 2200 


$341,000 


$32,200 


Three transformer stations: 


Buildings $40,500 $3,400 
Transformers 81,000 7,600 
Instruments 30,500 3,000 
Auxiliaries 40,500 4,200 
Wages and supplies +,000 

$192,500 $22,200 


Submarine cables:— 


Four cables, each 3.4 miles, at 
$5780 per mile.. 


Loading on steamer, laying and 


$78,600 


splicing 20,000 » $14,200 
Freight and marine insurance 5,400 
Anchorage at cables 9,500 


$113,500 $14,200 


Two cables, each 3.4 miles, 150,- 
000 cire. mils 


$24,600 ' 
Laying of cables, ete 


18,900 $5,400 


. . $43,500 $5,400 
Frequency-converter station: 
Three frequency changers, 25 cy- 


cles to 50 cycles; total11,600kw $122,000 11.400 
Switch gear.. ; 13,500 1,300 
Wages, oil and supplies 3,200 
Incidentals. 27.000 3,200 


$162,500 $19,000 


Direct-current motors and aux- 

iliaries. $221,000 $22,000 
Three-phase generators 51,500 4.800 
Switchboard and switch gear 0,800 1,100 
Wages and supplies 3,200 
Incidentals 54,000 6,200 


$337,300 





; $37,300 
Incidentals $231,500 $24,100 $140,000 $14,400 
Total. $1,593,000 $163,300 $1,202,000 $125,100 
Totel pee hws. .05-. 5 $15.66 $11.16 


1S 
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mark to Copenhagen, a total length of 204 miles. The 
greatest natural obstruction met with along this route 
at the Strait 
encountered 


Oresund, where a stretch of water is 
| miles, making resort to submarine 


Is ot 


» 
wv. 


of 
«ables necessary. 

Two schemes were worked out, one covering the use of 
three-phase equipment and lines, and the other direct 
current at 90,000 volts, under the Thury constant-current 
In the first 100,000-volt line with 
150,000-cire.mil, conductors in a single three-wire circuit 


system. Case, Was a 
on iron poles with suspension-type insulators. At Helsing- 
borg it would be necessary to step down to 20,000 volts 
the 
Krom 


and carry current in four three-phase submarine 
the Danish the strait the trans- 
mission could be continued at 20,000 volts, or at 100,000 
the latter The main 


features of the estimate for this scheme are shown in the 


cables. side of 


volts, being more economical. 


accompanying table. 


The great advantage of the direct-current system was 
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Reservoir and Canal 


SY NOPSIS—One of the supervising engineers of the 
United States Reclamation Service has compiled valuable 
data On evaporation and seepage losses from jour large 
reservoirs and on the total losses from reservoirs, main 


All the 


data are for the northwestern part of the United States. 


ditches and laterals of sie irrigation. projects. 


Canal linings and the use of pipe to prevent the loss 


of irrigation water are described, Figures are given lo 
how lhe ultimate CCOHOMY of lined as conpared with 
/ shined canals. 


2 


* 
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At the Seattle meeting of the American Society of 
Civil Engineers, there was read on June 27, 1912, a 
paper entitled “The Economic Aspects of Seepage and 
Other Losses in Irrigation” by E. G. Hopson, supervis- 
Ss. Portland, Ore. 
The paper has since been published in the Proceedings 
of the Society, Vol. XXAVIII, No. 8, p. 1223, where it 
1912. The article 
which follows is based on a copy of the original Seattle 
paper and illustrations supplied us by Mr. Hopson. The 
introductory portion of the paper has been slightly con- 
densed, a few of the photographs have been omitted, and 


ing engineer U. Reclamation Service, 


was scheduled for discussion on Dee. 4, 


the tables and illustrations have been grouped for the 
sake of greater clearness and convenlence. 

Mr. Hopson’s paper opens with a reference to data on 
the waste of water in city water-works systems, given in 
the report made in 1900 by John R. Freeman on the 
water-supply of New York City. Mr. Hopson points out 
that the arguments for cutting down waste in a water- 
works system apply with even more force to an irrigation 
system, since the economic burden of irrigation upon land 
under cultivation is much greater than that of domestic 
water-supply upon city dwellers, and since, too, it often 
happens that every bit of irrigation water wasted means 
just that much less land that can be’ made productive. 

Having introduced his subject by this comparison, Mr. 
Hopson states that irrigation water wastes, like those 
from city water-works systems, may be divided into cur- 
able and incurable classes and that the object of his paper 
is to discuss these two classes of wastes, as illustrated by 


> 
\ 


‘ 


ING NEWS Vol. 69, No. 13 
found to lie in the ability to transmit current under water 
at 90,000 volts without transformer stations at Helsing- 
borg and Helsingér. Over against this advantage would 
have to be set the necessity of 20 direct-current gener- 
ators in series. The generators would be arranged in 
four groups, each of five in series, and each group con- 
nected to a 5000-hp, turbine. The efficiency of the direct- 
current generators and motors was assumed to be 93%, 
compared with 95% average for the alternating-current 
generators and motors. <A single transmission line would 
be used with a ground return. The transmission wire, 
however, would be split ‘ito two parallel sections, each of 
119,000-cir.mil, cross-section. Both steel-lattice and im- 
pregnated-wood were compared, and the latter 
found more economical in first cost and annual expense. 
The total annual expenditures are estimated to be $6.75 
per kw. for direct current and $11.16 per kw. for cycle 
alternating current, with 12,615 kw. available in the first 
case and 11,200 kw. in the second. 


poles 


Losses in Irrigation 


government irrigation works built in the Northwest dur- 
ing the past half-dozen years. 

Broadly speaking, incurable irrigation losses are those 
due to absorption in reservoir beds and to evaporation 
into the air, while curable losses are confined almost 
wholly to seepage from canals and losses from other con- 
duits. 
TABLE J. WATER LOSSES FROM FOUR IRRIGATION RESERVOIRS. 

NORTHWESTERN UNITED STATES 
East Park Reservoir, 1910-1911 
(Maximum capacity, 45,000 acre-feet. 


Maximum water surface, 1690 acres) 


Percent. of 
Acre-feet influent 
Infiuent 65,400 
Effluent and losses: 
Evaporation 
Use, waste and surplus 
*Seepage . 


7,100 
58,300 
0 


*No appreciable seepage lo: 


Cold Springs Reservoir, 1908-11. 


(Maximum canacity, 50,000 acre-feet Maximum water surface, 1550 acres.) 


1908-9 1909-10 
Acre- Per 
feet cent. 
42,820 


1908 1910-11 


Acre- 
feet 
“= 273 


(Lye 


Acre- 
feet 
61,526 


Per 
cent. 


Per 
cent. 


Acre- 
feet 
20,366 


Per 
cent. 
Influent. 
Effluent & loss«: 
Evaporation 2, 12 
Seepage... oli 22 
Use, waste and 
surplus. 


4,295 10 
*4,021 9 


5,333 
*10,461 


6,252 
10,878 


66 


34,504 45,732 


Sl 55,163 


*Return flow 865 503 182 


Clear Lake Reservoir, 1909-11 


(Maximum capacity, 450,000 acre-feet Maximum water ar 
1909-10 
Acre-feet Percent. 


141,000 


»-a, 25,000 acres.) 
1910-11 
Acre-feet Percent. 
Influent 225,000 
Effluent and losses 
Evaporation 
Seepage 
Use, waste and surplus. . 


80,000 
48,000 
13,000 


88,000 
24/000 
113,000 
Deer Flat 


Reservoir, 1909-11 


(Maximum capacity, 186,000 acre-feet. 
1909 


Maximum water area, 9250 acres.) 
1909-10 1910-11 


Acre-fert Percent. Acre-feet Percent. Acre-feet Percent. 
Influent 64,000 130,000 230,000 


Effluent: 


Evaporation... 
Seepage... 80,000 61 
Use, waste and sur- 

plus 5,000 8 32,000 24 70,000 30 


The percents. in each case are percentages of volume of influent. 


4,000 6 
55,000 86 


18,900 14 


62 


20,000 
140,000 


9 
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WATER IRRIGATION RESERVOIRS 


It is an economic impossibility for an engineer to pre- 
vent absorption or seepage losses from the beds of ir- 
rigation reservoirs, but he must accept responsibility for 
the choice of reservoir sites which will be a factor in 
On this account Mr. Hopson presented 
data for four typical irrigation reservoirs built by the 
federal government in the Northwest. We quote from 
his paper as follows: 

THE EaST PARK RESERVOIR is strictly a storage re- 
servoir built on a branch of Stony Creek, one of the Coast 
Range feeders of the Sacramento River. The dam site is a good 
one, being a notch in a great conglomerate dike or ridg« that 
runs through the country in a north and south direction, and 


LOSSES FROM 


reservoir losses. 
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This reservoir was first placed in! commission in the Spring 
of 1908, and has been operated ever since. We have, therefore, 
four yearly records of results. In this case measurements were 
obtained with unusual accuracy, as the inflow practically all 
passed over a sharp crested weir at the lower end of the feed 
canal and the effluent was also carefully measured over another 
weic below the outlet gates. iosses rang- 
ing from 34% to 24% of the influent during the four-year period. 
Judging by the record of the past two years, it 


This reservoir show 


would appear 


that a fair condition of stability has been attained in the re- 
gimen, in which about one-fourth of the water entering this 


reservoir is subject to unavoidable ioss through seepage and 
evaporation. (See Table I and Figs. 1 and 2.) 

THE CLEAR LAKE RESERVOIR in California is a feature 
of the Klamath Project, situated just south of the California- 
Oregon line. It occupies a great natural depression or sink some 
25,000 acres in extent at the reservoir flow line. About one-half 
of the bed consists of a natural sink of alkaline water known as 
Clear Lake that has for ages received and evaporated the sur- 


plus waters of Willow Creek. This reservoir was built by the 
Government for the principal purpose of holding back the 
1907-08 IS05-09 IS03—10 1910-11 
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AsTE OF Watrer For Four GOVERNMENT IRRIGATION 


RESERVOIRS IN THE NORTHWESTERN UNITED STATES 


the dam is a solid structure of gravity 
arched plan. The bed of the reservoir is practically wholly in 
the typical California shale. The dam was completed in 1910 
and water first stored in the winter and spring of 1910 and 1911. 
Weekly measurements are taken of the influent and effluent, 
the storage and rates of evaporation. 

The maximum capacity of 
and maximum area of water 
may be found the resvlts in 
being Nov. 1 to 
(See also diagrams Figs. 1 

This reservoir represents the highest condition of efficiency 
of any of the four herein illustrated. The 
uny seepage loss, the only appreciable loss being that by eva- 
poration, thus nearly 90¢% of the 
being availabie for use 

THE COLD SPRINGS RESERVOIR of the 
ject in Oregon is a good average reservoir from a 
standpoint. In the East it would probably not be 
a site of special promise. The dam earthen 
4000 ft. long, of a maximu’™m height of close to 100 ft 
eral structure of the country is voleanic, 


masonry type on an 


the reservoir is 
surface 1690 
the 1910-1911 
Nov. 1 in this and 


9) 


$5,009 acre-feet, 
Table | 


season 


acres. In 
the 
following cases, 


season, 
trom all 


anc 
records fail to show 
water entering this reservoir 
Umatilla Pro- 
western 
regarded as 


nearly 


The gen- 


Is an one 
With vast overlying 
gravels and hardpan. The valley con- 
stituting the reservoir site is the outlet of some 200 sq 
The 
is supphed by a feed canal some 25 miles long diverting from 


the Umatilla River at times when the latter has available water 


beds of stratified sands 
miles of 
drainage area with little or no ordinary runoff 


reservoll 


waters of Willow Creek, to facilitate the unwatering of land 
marginal to Tule Lake, a body of water into which Willow 
Creek ultimately discharges. The reservoir was intended to 
combine the purposes of a great evaporating pan and regulator 
of the diversion channel that diverts the discharge of Lost 
River from Tule Lake into Klamath River. More recent plans 
have, however, considered its possibilities as a source Of irri- 
gation supply. The reservoir is enormous in capacity as com- 
pared with the available water-supply, being 450,000 acre-feet 
with an area of 25,000 acres. The dam on Willow Creek is a 
rock-fill structure some 30 ft. in height, completed in 1909 
We have two years records of the action of this reservoir. 
(See Table I. and Figs. 1 and 2. 

The rate of evaporation in this vicinity has been estimated 
at a little rnore than four feet in an average year It will be 
noted that evaporation is the principal loss in this reservoir, as 
had been anticipated. Seepage losses during the f t year 
were heavy, but apparently the marginal lands became filled 
up so that losses in 1911 were com} f n i te it 
important to note that in a year of cor is runoff, like 1910-11 
as much as 50% of the supply was subject to unavoidable toss 
or waste, which in this case was intentional, the principal pur- 
pose of the reservoir being the disposition of irplu vater, 
rather than its conservation for use 

THE DEER FLAT RESERVOIR, a feature of the Boise 
Project, in 'tdaho, presents different natural conditions fro 
the three preceding types It does not occupy a natural drain- 
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age valley or sink, being the contrary, situated on a flat sad- 
dle between the hills, the lower ends of which are closed by two 
earthen dams The reservoir derives its supply, as in the case 
of the Cold Springs Reservoir, through a feeder canal, known 
as the New York Canal, diverting from the Boise River s 7»me 
ten mues southeast of Bolse The reservoir was first placed 
In Commission in 1909, and has been in operation ever since. 
The bed of the reservoir consists in large part of silts, sands and 
gravels, with a covering of from 3 to 5 ft. of soil. Seepage 
losses in this case have been pronounced from the outset, and 
constitute the bulk of all losses When the reservoir was first 
placed in commission almost 90¢7 of the water entering it was 
lost by absorption in the reservoir bed In that year, however, 
the reservoir was only filled to one-tenth of its capacity. Dur- 
ing the next two seasons larger and larger quantities were 
introduced, and the proportion of losses has appreciably fallen, 
but still remains hig During the last-season about two- 
hirds of the water entering this reservoir was subject to loss 
through evaporation and seepage It may be expected that 
conditions will improve at this point, as the adjacent and under- 
strata of the reservoir gradually become filled by the 
int application of water, but the extent and period of 
$4 amehorating conditions are quite uncertain (See 
‘able I and Figs. 1 and 2.) 

The above records, while incomplete and faulty in many 
respects, are among the best obtainable in a new country like 
this, and in any event are instructive I think the general prob- 

reservoir losses is often given less attention by engineers 
mportance warrants The dam site is apt in many 
monopolize attention, and an engireer accustomed to 
vith reserveir sites in eastern river velleys, where the ad- 
vater tables are high and lesses are almost confined to 
may ve led to the commission of grave mistakes 
deal has been said and written about return flow 
my earliest recollections in connection with reservoir 
is the discussions in the proceedings of the Society 
Messrs FitzGerald Stearns, Ftelev and others on 
ater storage of certain reservoirs in the East Mr. 
ald’s conclusions as to the general inadvisability of 
redit to the invisible storage of a reservolr, is I believe, 
ave under exceptional conditions, | doubt whether 
ny, additional draft can be made from Western reser- 

in excess of the visible storage 

The Cold Springs Reservoir has, during the past four years, 
ibsorbed some 30.000 acre-feet of water in its bed It has ap- 
parently only yielded back about 1500 acre-feet of this amount. 
The Deer Flat reservoir has apparently absorbed 270,000 acre- 

vith iittle or no return. 

it should be observed that the amount of water discharged 
into Deer Flat feservoir has largely increased each succeeding 
year, thus submerging large areas of new surface and that in 
spite of this fact, the percentage of loss 1s steadily decreasing 
This decrease of loss has extended into the year 1912, of which 
complete records were not yet available when this paper was 
vritten 

It is important to note that ina reasonably good representa- 
tive irrigation reservoir, such as Cold Springs, one-quarter of 
the water turned into it is lost, and that apparently under the 
most favorable circumstances, as at East Park, 10% will be lost. 

The main lesson to be derived from these few illustrations 
is that the geologie structure of the site should be given the 
most careful consideration, it being vital to determine in ad- 
vance as nearly as may be the amount of reservoir losses, and 
whether they are likely to be of a permanent character. 

On the Umatilla Project the cost of the irrigation works per 
acre of irrigable land is from $60 to $70; on the Truckee-Carson 
Project about $40; on the Orland Project about $50; the Tieton 
about 390; Sunnyside about $50, and Klamath from $30 to $40, 
say an average of about $55. This is a fair indication of the 
general run of costs in large irrigation work hereabouts, and is 
probably lower than the average costs on newer projects either 
Zovernment or private 


LOSSES FROM RESERVOIRS, CANALS AND FARMERS’ 
DITCHES 


The various losses in the water-supply system as expressed 
in percentages of the water diverted are shown in Table IT. 

The losses from the diversions down to the end of the regu- 
lar lateral systems that are operated by the Government, run 
from one-fourth to upwards of one-haif the whole supply, but 
below these are the ramifications of the small ditches built by 
the farmers to distribute water to their farms. These farm 
ditches are usually small earth trenches, in which heavy seepage 
occurs before the water actually reaches the crop. Although 
in some cases farmers use water-tight flumes and pipes for their 
focal distribution, the proportion of these cases is as yet com- 
paratively small, although on the increase. It has been esti- 
mated that seepage losses in the farmers’ ditches on many pro- 
jects is not less than 50% of the losses in main canal and lateral 
systems. Itshould be understood that the losses in the farmers’ 


ditches (Table II.) are merely the expression of individual opin- 
ion, not of actual measurement. 


TABLE II. TOTAL WATER LOSSES FROM SIX IRRIGATION 
PROJECTS 


Canal Losses Total 


Canals Farm- Without Witi: 
and ers’ farmers’ farmers’ 
Reservoir laterals ditches ditches ditches 
Umatilla... . eee eae 20 32 15 52 67 
Truckee-Carson. . 0 41 15 41 56 
Orland.... ; 8 23 10 31 41 
Klamath. . ; 0 48 15 48 63 
Tieton 0 24 8 24 32 
Sunnyside. 0 27 ? 27 34 
[Fig. 3 shows veldinke of water diverted to six irrigation projects in the 
irrigation season of 1911 and what became of the water—Ed.] 
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UNITED STATES, SEASON OF 1911 
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LINING CANALS TO PREVENT SEEPAGE LOSSES 

Seepage losses on the Umatilla Project early assumed 
serious proportions, owing to the sandy character of the soil 
and the gravelly substrata. With the unlined earth ditches 
as originally constructed only about one-third of the water di- 
verted reached its proper destination. The works were costly 
and the quantity of supply limited. Unless means could be 
found to lessen these losses it was evident the entire area could 
not be irrigated and the building costs would not be wholly 
repaid. 

Other severe proportional losses were found on the Truckee- 
Carson Project in Nevada and the Klamath Project in Oregon, 
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but in both of these latter is more elasticity due to their 
greater available supplies and, in the case of the Klamath 
Project, to the small aggregate quantity used. 

Losses on the Tieton and Sunnyside Projects are probably 
much more satisfactory than in the average well constructed 
project in this vicinity, due in the first cast to the complete 
concrete lining of the main canal and the tight character of 
the substrata of the irrigated lands. In the Sunnyside Project 
the relatively small canal losses are due mainly to the fine 
texture of the soils. 

It is probably a ract that in the average project from 46 to 
50% of the supply is lost by seepage in the beds of channels 
before it reaches the actual point of application. As the 
farmer is paying from $30 to $90 per acre for this water the 
loss has a very appreciable value. 

In Southern California valuable orchard lands have been 
under irigation for a generation. Corp values have been very 
high and, in many cases, the water-supply has been so limited 
that effective measures toward conservation have been en- 
forced. On many projects there the distributing channels are 
lined with concrete or pipe is used with liberality. The high 
values of lands and the scanty supply have rendered these 
measures not only desirable but necessary. Strict economy 
in use has also been enforced for the same reason, but in the 
newer projects in the Northwest, where lower valued crops 
obtain, it has not hitherto been seriously regarded as feasible 
to resort to such expensive treatment. Conditions have, how- 
ever, materially changed here with regard to crop values, and 
many of the water-supplies that appeared inexhaustible a few 
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In 1910 and 1911 a lateral on the Umatilla Project was lined 
with mortar 1 in. thick and careful measurements made to 
determine losses. The lateral had been selected for lining on 
account of the very porous character of its bed and in order 
to reduce seepage loss. With the lateral closed at the ends 
by dams, measurements showed that the water surface low- 
ered about 0.1 ft. each day in the lined ditch, and applying this 
rate of loss to the canal system as a whole, making due allow- 
ance for velocity of flow, it was computed that the aggregate 
seepage loss in the project, if all canals were lined, would be 
about 5% of the supply. With the unlined system the loss is 
close to 50%. Other measurements that have followed con- 
firm the above, and the conclusion has been reached from this 
and other data that seepage losses can be kept down to less 
than 10% of the amount diverted if good linings are placed 

[Two mortar-lined laterals and one unlined farmer's ditch 
on the Umatilla Project are shown by Figs. 4 and 6 and a con- 
crete-lined canal on the Tieton Project by Fig. 5.—Ed.| 

During the past two years a great deal of canal and ditch 
lining has been placed on government projects in the North- 
west. These linings are from 4 in. to 1 in. in thickness, de- 
pending on the size of the canal and the conditions. The heavy 
lining is made of regular sand and gravel concrete propor- 
tioned about one cement to eight of sand and gravel The 
linings are generally placed without forms, the sides of the 
channel being trued up and a rather dry mix being used. Costs 
have usually run about $6 per yard. The great bulk of the 
ditch lining has not, however, been of regular gravel concrete 
but of mortar, usually being mixed one of cement to feur of 





Fic. 4. Morvrar-Linep LATERALS AND CONCRETE 
STRUCTURES 


Fie. 5. Morrar-Linep LATERAL, SHOWING 
JOINTS 


Figs. 4 anp 5. LINED IRRIGATION CANALS ON THE UMATILLA PROJECT 


years ago are rapidly getting fully appropriated, so that rea- 


«sons for economy and waste prevention are becoming more 


and more cogent. 

Some interesting experiments* carried out under the aus- 
pices of the College of Agriculture of the University of Cali- 
fornia, in 1906, by Prof. B. A. Etcheverry, on various kinds of 
canal linings, including concrete, clay puddle and oiled sur- 
faces, are worthy of consideration. The object of this experi- 
ment was to determine relative costs and efficiencies of different 
classes of lining in reducing seepage and preventing growth of 
vegetation. Without attempting to enter into details of these 
experiments, which can be obtained in the University Bulletin *, 
the general results showed that the concrete lining, although the 
most expensive, alone gave assured results. The oiling, as 
would be expected, is very much cheaper than any other treat- 
ment, being only about one-quarter the cost of the concrete per 
square foot. During the first year it appears to be of some value 
in reducing seepage losses, measurements showing that losses 
as compared with those in an untreated earth canal are only 
about 40% of the latter. The oil seemed to be principally valu- 
able in preventing growth of vegetation. The lining by clay 
puddle gave somewhat better results in preventing seepage 
than the oiled surface. The mortar and concrete linings, how- 
ever, prevented from two-thirds to nine-tenths of the total 
losses and, of course, entirely stopped the growth of vege- 
tation. 

Apperently the effect of the oil treatment is only temporary, 
and a re-examination of the canals in which the experiments 
were made a year or twe afterwards showed that the oil treated 
canals had grown up to vegetation to an equal extent to those 
untreated, and in all probability the seepage losses were equally 
as great. 


*See Eng. News, Dec. 5, 1907, pp. 620-2, for abstract. 


sand. Before placing the mortar the ditches are carefully trued 
up by runninga movable form or templet along their courses and 
wetting and tamping the earth around the form. Immediately 
after the form is removed the mortar is placed and kept damp 
until well set up. It is jointed usually at about 4-ft. intervals 
to take care of temperature shrinkage. This lining is done with 
much rapidity by experienced gangs, the materials being mixed 
by small portable gasoline-driven mixers, the completed canals 
being kept full of water. Costs of work of this kind carried out 
on a fairly large scale—for lining 1} in. thick, reinforced at the 
top by an extra heavy curbing—runs from 55 to 60c. per sq.yd., 
inclusive of all administrative and engineering charges and of 
the earthwork. In general, the cost of the earthwork is about 
one-third of the entire cost. 

Taking for example a small lateral of the Umatilla Project 
lined in this way during 1911: the length was 12,400 ft.; ditch 
dimensions 4 ft. wide at bottom, 4 ft. deep, with side slopes 
1} to 1; the entire cost of the work averaged $1.05 per ft. Com- 
paring a small ditch thus lined with one unlined, the lined 
ditch will be from three to four times the cost of the unlined 
ditch, but one of the economic advantages the lined ditch pos- 
sesses is the greater velocity of flow possible and the conse- 
quently smaller cross-sectional area of the channel. Another 
advantage of importance is the avoidance of drop structures 
possible in the lined ditches. It is surprising what a large pro- 
portion of the total cost of ditch building goes into drop struc- 
tures that are necessary to keep velocities below the eroding 
point in an earth channel. With lined channels high velocities 
are not only possible but desirable in order to keep the channel 
clean. 

As an illustration of the proportion the cost of structures in 
a distribution system bears to the entire expense of the latter, 
figures taken from the Orland Project in California are given. 
The territory here is notably free from topographic irregulari- 
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ties and the earth is firm and good for building purposes The 
proportion of therefore, would be ex- 
pected to be 

The lateral system covers 14,000 acres and includes 54 miles 
of ditches from 12 to 75 sec.-ft. Very little 
ditch lining has been placed, but structures are all of concrete, 


cost of structures here, 


small. 


ranging Capacities. 


the cheapest building material. Cost totals are as follows: 
$64.376 
57,632 


$122,008 


Excavation work 
Structures 


1 
Potal 


The structures included in the above comprise the 
types 


following 


Checks and drops 
Turnouts 

Bridges 

Railroad crossings 
Special structures 
Sipliways 


$20,885 
12,901 
9,972 
6,924 
5,805 
1,143 


Checks, turnouts total $33,780, or 
tire cost of the lateral system. 
viated by lining the system 
tion of it would be. 

With a smaller cross-sectional area, the saving in 
structures, and the more direct and economical location 
sible in the lined ditches, the actual difference in cost per acre 
of land served by lined or unlined canals is comparatively 
small [It will generally be found less than $10 per acre, in many 
cases less than $5. If one takes into consideration the operat- 
ing economies, the lined laterals have a distinct advantage in 
their freedom from breaks, seeped banks, and growth of vege- 
tation in the channels, all of which should admit of a material 
reduction in operating costs. If these latter savings could be 
firsured from an investment standpoint and capitalized, the 
advantage in first cost of the unlined ditches would often dis- 
appear and a substantial margin be shown on the other side. 


drops and 28% of the en- 
Not all of this cost could be ob- 


but certainly a very large propor- 


drop 


pos- 


PIPE FOR DISTRIBUTION SYSTEMS 


While considering canal lining it would be well to pay a 
little attention to the merits of pipe work in a distributing sys- 
tem. Large quantities of pipe work have been used in the dis- 
tributing systems of the Umatilla, Tieton and Sunnyside Pro- 
jects. The great bulk of this pipe is concrete, both reinforced 


Fic. 6. Typical FarMer’s Irrigation Dircu, 


UMATILLA PRogECT 


and plain, in sizes running from 54 in. down to 12 in. in diam- 
eter. Sizes below 24 in made by the dry 
reinforcement consisting of outside wire, wound under 
wet mixed, the 
hauled and laid like 
Some of these lines of pipe are of great length 
working under running up to 110 ft. They 
uniformly given satisfaction from every standpoint. A 
wholly of concrete pipe would 
undoubtedly be the most satisfactory from an operating stand- 
point, and although the first cost would be comparatively high, 
it might in the end prove to be more truly economical than the 
open ditch systems. With pipe seepage are 
practically neghgible. A number of tests of different lines of 


have been usually 


process, 
tension. diameters 


usually been 


yards 


have 


Larger 


pipe being manufactured in and 


cast-iron pipe. 
ind are heads 
have 
distribution 


System consisting 


concrete losses 


‘ 
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4-ft. pipe, with 3-in. 


the following: 


shell, under operating conditions, show 


Average seepage, sec- 
ond-feet per mile 
0.07 
0.05 
0.04 
0.20 


Length, ft. Head, ft. 
4700 39 
5400 28 
3600 19 
9500 85 


Apparently the loss per mile of this size pipe is nearly di 
rectly proportional to the head, averaging about 0.02 sec.-ft 
per mile for each 10 ft. head carried on the pipe. A pipe distri- 
buting system of concrete throughout, under an average pres- 
sure of 50 ft. head, with delivery to each 40-acre subdivision, 
would thus only lose about i% in amount, which is practically 
negligible. 

Taking the average of the six projects quoted, we have an 
average cost of the irrigation works of $55 per acre and an 
average combined loss in reservoirs and canals of about 50% 
of the entire water-supply. Of the latter about 6% is practi- 
cally incurable reservoir loss; the remaining 44% has been 
classed as curable; that is to say, the great bulk of it can be 
cured or prevented if economical conditions render such action 
wise. 

Should the ditch systems of these projects be wholly lined 
with concrete or pipe the losses might be reduced from 44% to 
10% or less in amount, a net saving of 34%, or say one-third of 
the whole supply. It is therefore evident that either the sys- 
tems could be extended to cover about one-third more area, 
or should that land not be available, the works might be con- 
structed of smaller dimensions and at less cost. In the case of 
works already built the latter alternative is inapplicable and is 
merely illustrative of what might have been done but what 
cannot be helped now. The lesson should, however, be applied 
to new work. In cases, however, where new lands can be 
taken in under existing works consideration should be given 
to the possibilities of extension by lining the present systems. 


ADVANTAGES OF CANAL LININGS AND OF PIPE 


Suppose, for example, a project of 20,000 acres costing 
$55 per acre, or a total of $1,100,000; if by lining the ditches the 
irrigable area can be increased to 27,000 acres there will be first 
an additional cost for the new laterals with lining which has 
been found to be somewhere about $18 per acre in a fairly dif- 
ficult country, or for the 7000 acres an additional construction 


- 


eS . ig 9 


5" 


-_ 


Fic. 7. CONCRETE-LINED MAIN IRRIGATION CANAL, 
Treton Project 


cost of $126,000 will be necessary. Secondly, there will be the cost 
of lining the present ditch system covering 20,000 acres, which, 
taken at $12 per acre, would mean an added charge of $224,000. 
The the extended project would, therefore, be 
$1,450,000, or an average cost of $54 per acre. This does not ap- 
parently result in a material reduction in the acreage cost, but 
the great advantage lies in rendering available for profitable use 
the larger areas of land, the conservation of the water-supply 
and the avoidance of drainage evils referred to hereafter. As 
a matter of fact, the process of extending a project already 
constructed with unlined earth canals, by the subsequent lining 
of ditches, is always much more expensive than if the system 
had been constructed de novo with all of the system lined. 

In the case of a proposed large extension of the Umatilla 


gross cost of 
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Project it is planned to completely line the entire canal system 
from the headworks down to the minor ramifications of the dis- 
tribution system delivering to each 40-acre subdivision. At 
no point in the system will the water be exposed to avoidable 
seepage loss, and when the headgates at the reservoir are 
opened the government will have assurance that upwards of 
90% of the supply will actually reach the cultivated fields. 


THE DRAINAGE PROBLEM 

Closely connected with the question of canal losses is the 
drainage problem. On nearly every irrigation project there 
will be found large and frequently increasing areas subject to 
the rise of ground water. The principal contributing influence 
in most cases is the seepage losses from the lateral systems, 
although a proportion, of course, is due to over irrigation of the 
fields. 

On the Sunnyside Project in Washington some four or five 
ihousand acres of the best land was seriously affected when 
the United States purchased the system a few years ago, large 
areas having been practically forced out of cultivation. In 
this case the United States was compelled to build a deep chan- 
nel ata cost of some $340,000, mainly for the purpose of affording 
an outlet to the surplus water. On the Minidoka Project in 
Idaho the drainage feature is one of the most serious problems. 

At Umatilla the seepage water accumulating below the pro- 
ject in the Umatilla River has increased the summer flow some 
100 sec.-ft. and has rendered necessary the excavation of ex- 
tensive drainage ditches through the lower lands. 

At Klamath some $40,000 has been spent during the past 
three years on this account, and on the Truckee-Carson Project 
it is planned to expend not less than $400,000 in addition to the 
large su.os already spent. 

There is no question that much relief from this increasing 
danger will be experienced by eliminating from the ground 
water accumulations the bulk of the canal seepage. It is my 
belief that as time goes on it may even be found necessary for 
legislatures to require canal systems to be lined or otherwise 
protected from seepage loss not only in the interests of the 
investor and water user but as a reasonable measure of con- 
servation when water-supplies are limited. As an engineering 
and business policy it is well in the front rank for consideration 
by all those building new works or operating and extending 
those already constructed. 


A Pressure-operated Switch for Pump 
Motors and Low-water Alarms 


The electric switch shown in the accompanying figure 
has been designed to serve the purpose of the more cum- 
bersome float-operated switches which require a con- 
siderable travel of the float mechanism and are subject to 
such mechanical difficulties as sticking, freezing, ete. 
Pressure from the receiving tank is transmitted to the 
chamber under the diaphragm, forcing this, with its 
attached rod, upward and tilting the horizontal hollow 
evlinder at the top of the device. This movement of the 
cylinder permits a large ball inside to roll from the left- 
hand end to the right, striking a pin which projects into 
the interior of the cylinder and which is attached to a 
rod moving parallel to the cylinder. This motion’ is 
transmitted through a stop on the rod to the-switch arm, 
opening the electric circuit and stopping the pumping 
motor. 

When the water level drops, and with it the pressure 
under the diaphragm, the springs about the diaphragm 
spindle force the latter down and return the cylinder to 
its horizontal position, whereupon the ball rolls from 
right to left, striking the corresponding pin projecting 
Into the cylinder at the end, and moving the parallel rod 
so that the stop on it throws the switch lever into contact 
to complete the motor or alarm circuit. The inclination 
of the horizontal tube, which is necessary before the ball 
is released, can be adjusted by the screws shown on the 
under side. This controls the variations of water level 
in the water tank; actual height of water level is varied 
by changing the tension on the springs of the diaphragm 
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spindle, and for this two frame rods are provided with 
adjustment nuts and a plate bearing on the springs. The 
device is built by the Golden-Anderson Valve Specialty 
Co., Fulton Bldg., Pittsburgh. 


3 : 

Public Ownership of Telephones in Canada hes reached 
considerable proportions. A pamphlet report, giving “tele- 
phone statistics” of Canada for the year ending June 30, 1912 
(A. W. Campbell, Deputy Minister, Department of Railways 
and Canals), states that in Manitoba and Alberta all tele- 
phone companies have been practically absorbed by the pro- 
vincial governments, while in Saskatchewan similar absorp- 
tion is now in progress. The number of municipal telephone 
systems owned by the various provinces is as follows: On- 
tario, 27; Alberta, Saskatchewan, Manitoba and British Co- 
lumbia, 8 altogether, making 35 municipal telephone systems 
in the whole Dominion. There are also in the Dominion 133 
coéperative, 31 partnership, and 113 private telephone systems 
against 368 stock companies and the public systems already 
mentioned. 


Electricaliy Operated Exeavating Machinery is to be used 
in the construction of the diversion channel of the Little 
River Drainage District, in Missouri. Current will be gen- 
erated at a central power station, transmission lines being 
run along the channel. The excavators will be revolving ma- 
chines handling clam-shell and drag-line buckets, and travel- 
ing on tracks laid along the work. The excavated material 
will be used to form levees. This channel will discharge into 
the Mississippi River about two miles below Cape Girardeau, 
Mo. It will intercept the Castor and Whitewater Rivers, 
Crooked Creek, and other streams whose present outlet is 
through Little River to the St. Francis, and then into the 
Mississippi River, near Helena, Ark. The contractor for this 
work is D. C. Stevens, of Buffalo, N. Y., whose bid for the two 
sections amounted to about $1,229,585. This covers 3907 acres 
of clearing and 8,621,500 cu.yd. of excavation. The right-of- 
way has been obtained and the clearing of the timber will be 
commenced shortly. The district has an area of about $00,000 
acres. 
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A Comparative Test of Two Full- 
sized Reinforced-concrete 


Flat-slab Panels 


3y Henry T. Eppy* 


Two experimental reinforced-concrete flat slabs were 
submitted to test by Prof. W. Ht. Kavanaugh, of the Uni- 
versity of Minnesota, at Minneapolis, during the latter 

~part of 1912. The first slab was made in accordance with 
the specification of the Norcross patentt except that belts 
of rods were substituted for the netting mentioned in the 


Fig, i. 
Figs. 1-2. 


Norcross SLAB 
TEST SLABS 
specifications. 
the Turner “mushroom” system. 

These slabs were both of the same thickness, viz., 6 
in., and were supported by columns placed at the cor- 
ners of a square 12 ft. from center to center of columns. 


The slabs projected approximately 214% ft. beyond the 


centers of ‘the columns on each side and had each pre- 
cisely the same number and size of reinforcing rods, in 


Les '6’ ok 5' 0 5'6"> 


K 56 SOK 56" 
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ARRANGEMENT OF LOADING 
oN Norcross SLAB 


Fie. 3. 


TABLE I. LOADS ON NORCROSS SLAB IN POUNDS 
Load No 2 . 3 


Per Per Per 

Total sq.ft Total sq.ft. Total sq.ft. 
3,138 228.7 6,288 228 6,288 228. 6,288 
3,138 228.7 6,288 228. 6,288 228 6,288 
240.1 6,002 456 11,420 456.8 11,420 

228 .7 6,288 228. 6,288 228 6,288 

228 .7 6,288 228 6,288 228 6,288 

250 ,060 

Corner Areas not loaded 250 ,560 
250 ,060 

250 ,060 


Areas 


Total 


15,404 121 


31,154 143 


Slab 60 36,572 276 66,812 


*Professor of Mathematics and Mechanics, College of En- 


igneering, and Dean of the Graduate School, 
versity of Minnesota, Minneapolis, Minn. 


7See Specification U. S. Patent No. 698,542. 


Emeritus, Uni- 
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The second slab was made according to 
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each belt. } mix, and while 
only about four weeks old, had been poured warm and 
under such unusually favorable conditions as to have 
become well hardened at the time of test. 

The astonishing difference in stiffness and the re- 
markable difference in strength of these two slabs, the 
sudden, complete and total collapse of the first slab, con- 


The concrete was of 1:2: 


trasted with the slow, gradual yielding of the second 
under an excessive load several times as great as that 
which caused the first to fail, present an object lesson in 
safe and economic design worthy of the most careful 
study. 


Fie. 2. 


REINFORCEMENT 


MvusHrooM SLAB 


SHOWING ARRANGEMENT 


NORCROSS SLAB 


Noreross, in his patent already referred to, describes 
his construction as consisting 


essentially, of a panel of 


therein, so as to 


concrete 
radiate 
The 
built up level with the 
then laid loosely in place on top 
The concrete is then spread upon 
or molded in place on the staging to inclose the metallic net- 
work. In practice I have sometimes laid the concrete in 
layers of different quality, the lower layer of the floor which 
incloses the wire being laid with the concrete avail- 
able. If the forces acting upon a section of floor- 
ing supported betwen two posts be analyzed it will be found 
that the tendency of the floor section to sag between its sup- 
ports will cause the lower layers of the flooring to be under 
tension while the upper layers of the flooring will be under 
compression, these of course, the greatest at 
the top and bottom respectively. 


network 
which 
and a 
posts. 


metallic 
posts on 
erected, 


tops of 


having 
from the 
first 


encased 
the floor 
temporary 


rests. posts are 


staging 


Strips of wire netting are 


of the staging. 


best 


stresses being, 
layers, 

The number and arrangement of the reinforcing rods 
in the experimental slab (eleven 8<-in. round rods in each 
side and diagonal belt), is clearly shown in Fig. 1, which 
is a view of the forms ready for pouring the concrete. 
It will be noticed that these reds le very nearly upon 
the bottom of the forms throughout their entire length, 
both over the columns and elsewhere, and the main dis- 
tance from the center of action of the steel to the 
top surface of the slab is taken as 534 in. This arrange- 
ment is in accordance with the specifications. 
Steel plates, 20x20x% in., carry the rods and rest on 
the tops of the columns which, in this ease, consisted of 
steel pipes about 514 in. in diameter, filled with concrete 
and embedded at their lower ends in large concrete blocks. 


Noreross 
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A vertical central bolt in the concrete at the upper end 
of each pipe permitted the plates to be firmly secured 
to the tops of the columns. Fig. 4 shows the manner of 
loading the slab with pig iron. The slab is 16x16 ft. 
and the columns are on the corners of a +2-ft. square. 
The loading at first covered an area having the form of a 
Greek cross whose central square was 5 ft. on a side with 
arms 5 ft. 6 in. long, as represented in Fig. 3, and the 
progress of the loading is shown in Table I. 

When 10,000 Ib. had been piled on the central part of 
‘the slab in addition to load No. 4, of 66,812 |b., the slab 
suddenly failed. tu anticipation of such failure, timber 
blocking had been placed under the slab to prevent its 
falling more than possibly 10 or 12 in. 

Fig. 5 shows the condition of the slab after removing 
part of the final loading in order to render the nature of 
the failure visible. Careful extensometer measurements 
of the elongations of the steel rods at the middle of the 
side and diagonal belts were made under the action of 
loads Nos. 1, 2, 3 and 4, and also similar extensometer 
measurements in the concrete both on the top and the 
bottom of the slab along the center line of the side and 
diagonal belts near those edges of two of the steel plates 
which were nearest the center of the belts. Besides these, 
certain other measurements of the concrete were made at 
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by 12 in. and the diagonals in the same proportion, and 
further assuming that the loading was all applied at the 
middle of the side and diagonal belts. 

The comparisons given in Table IT were computed ac- 
cording to the following methods: 

Extensometer measurements were made for a length 
of 8 in., consequently the stress per square inch in the 
steel is 

fs =e X 30,000,000 (1) 

Where e 


Then, using the following notation: 


elongation In & in. 


W Load causing elongation e; 

A Total area steel : 

d Depth of slab to center of steel; 
[, = Length of span; 


j = Ratio of lever arm of resisting couple to 
depth a: 
id = Distance from center of steel to neutral axis. 


Assuming a concentrated load W at the middle of the 
beam, 


Mc 3 WT, 

M = Ajdf;s (3) 
' 4.Ajdfs 

w =e (4) 





Fie. 4. UNpber LoApInG 


~ 


Fie. 5. FAILURE 


Fras. 4-5. Norcross SLAB UNDER TEST 


right angles to the diagonals.  Deflections were also 
measured under these loads at the middle of the diagonal 
belt and of two of the side belts. 

These measurements all show beyond question that 
the side and diagonal belts act like simple beams in this 
form of construction, since the stresses in the steel and 
concrete on the under side of the slab in the direction of 
the rods is invariably tensile, while the stresses in the 
same directions on top of the slab are always compres- 
sive. It was the avowed intention of Norcross to rein- 
force the slab in this manner since he regarded the 
upper part of the slab as being subjected everywhere to 
compression and the lower part to tension only, as stated 
in his specifications as already quoted. 

The computation tabulated in Table II shows a good 
approximate agreement of the results of this test with the 
beam theory of flexure, assuming, for simplicity, that the 
stiff steel supporting plate and interlacing of the ends of 
the belts diminishes the effective span of the side belts 


In the Norcross slab 
A=11 X 0.11 = 1.21 sqm.; 


} = ().9: 
d = 5.75 in.: 
L = 132 in. for side belts: 


— 132 v 2 in. for diagonal belts: 
1 = 0.69. 
TABLE II COMPARISON OF COMPUTED AND ACTUAL DATA 


ON NORCROSS SLAB 
Load Number 
> ; 


1 2 3 4 

Side { Average observed elong. in 8in..0.00205 0.00746 0.00922 0.01133 

belts.. { fs in pounds by Ea. (1) 7690 27980 34575 42500 
| W, computed by Eq. (4) 1465 5330 6590 

Diag. { Average observed elong. in 8in..0.00195 0.00722 0.00939 0.01229 

belts.. { fs in pounds by Ea. (1) 7313 27070 35200 45900 
| W, computed by Eq. (4) 985 3650 4745 
4W,.....Comp. load in 4 side belts 5860 21320 35850 
2W,.....Comp. load in 2 diag. belts 1970 6700 9490 
4W ,+2W,..Total comp. load on slab 7830 28020 35850 
aw), +2W’,Total actual load on slab 15404 31154 36572 
Side { W’, actual load by Ea. (5) 2880 5800 6690 
belts.. { D , mid deflection by Ea. (6) 0.186 0.37 0.43 
| D? observed mid deflection 0.128 0.41 0.52 
Diag { W’, actual load by Ea. (5) 1940 3970 4820 
belts.. ( D mid deflection by Ea. (6) 0.35 0.72 0.865 
| D* observed mid deflection.. 0.22 0.707 1.02 
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From the above formulas the loadings on the side and 
diagonal belts which should have caused the given elonga- 
tions are Computed and are given in Table Il. It is then 
assumed that the total actual loads are carried by the 
various belts in the same proportion as the computed 
loads, since there is no other way of dividing the total 
load between the belts. 
cally as follows: 

. Let 
W, 
W, 
7 
Ws 
Then 
iW, +2W, 
iW’, +2Ww,= 


This may be stated mathemati- 


5 Computed load on a side belt: 
Computed load on a diagonal belt; 
Actual load on a side belt; 

Actual load:on a diagonal belt. 


total computed load on slab; 

total actual load on slab. 

W". 7 W", 7 W*. ae 
_ WwW,” ww, ») 
W,, W. and 4 W 2 WW’, being known, W’, and i, 

can be computed. 


Having found the actual distribution of loading, the 
center deflections of the belts have been computed by 
simple beam theory from the formula 

W’ £3 


D=- : 6 
48 LA a? (9) 
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ARRANGEMENT OF LOADING 
ON MUSHROOM SLAB 


F1a. 6. 


TABLE III. 


») 


Per 
Total 
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In Table II it will be noted that loading No. 1 is too 
small to develop sufficient elongations or deflections to 
overcome the initial compression in the concrete in which 
the reinforcement 1s embedded, so that the load earried 
by the steel is only about one-half of the actual load, the 
other half being carried by the concrete in which it is 
embedded. This is in complete accord with other simi- 
lar experiments. But in case of loads No. 2 and No. 3, 
where the steel is stressed close to the yield point, the s. m 
of the loads as shown by the stresses in the steel is very 
close to the total actual load. The stresses in the stcel 
under loading No. 4 are so far beyond the yield point 
as to make computation useless. 
~ It appears from Table II that the effect of the rein- 
forcement is accounted for to a reasonably close approxi- 
mation by considering the belts to act as a combina- 
tion of simple beams, at least within the range of load- 
ing near the yield point of the steel. The steel reached 
its yield point under a total load on the slab of from 15 
to 18 tons, and final collapse occurred under a total load 
of a little over twice the latter amount not distributed 
uniformly but piled more in the general form of a 
pyramid. 

It was observed that the application of the relatively 
small loading on the corner areas F’, G, Hf and T (Fig. 3) 
had a very injurious effect upon the slab, tending to 
break it across the tops of the columins. 

The results of the test may be summarized in the Nor- 
cross system as follows: 

(1) ‘This slab is of the simple beam type, and the test 
shows no circumferential slab action and no cantilever 
action. 

(2) The narrow belts running diagonally leave large 
areas Without reinforcement, and there is consequently 
no provision for resisting circumferential tensions as 
quired in slab action. 


(5) 


re- 


The concrete showed compressive stresses on the 


LOADS ON “MUSHROOM” SLAB IN POUNDS 


3 


Per Per 


3,276 
3,276 
2,532 
3,276 
3,276 


sq.ft. 


210 
201 
201 
201 
201 


6 
6 
6 
6 
6 


Total 
6,552 
6,552 
5,040 
6,552 
6,552 


Total 
201.6 6,552 425 
201.6 6,552 425 
418.3 453 861 
201.6 90% 425 
201.6 5 425 


sq.ft. sq.ft. 


3 
3 
8 
3 
3 


” 


Corner Areas 


15,624 96 31,248 


Per 
sq.ft. 
vez. 
23,922 Wee .4 
37,006 569 | - 
23,922 


23,922 


Total 


23,922 


Total 

25,122 
26,122 
39.236 
25,122 
25,122 
10,560 
10,560 
10.560 
10,560 


(42.4 
772.§ 
250 
250 
250 
250 


“99 132,695 564.5 181,965 


TABLE IV. COMPARISON OF COMPUTED 


Load no 


f Obs. elong. of middle rod in 8 in. { CCOL6 0 


fs by Eq. (1) 
w the effective load per sq_ft 


I) comp. mid. deflec 0.0174 


' obs. mid. deflee 0.0170 


Ave. obs. elong. in 8 in 0.00017 


637.5 


fs hy Eq (1) 


comp. from w 0.0088 


ID' aver. abs. defiec 0.0100 


* Double readings under Loads No. 4 and 5 explained in text. 


Not 


1 


9 
00058 
2175 
145 
O388 
0353 
60031 
1160 


0198 


). 0202 


113 


Per 
sq.ft. 


899 
899 


889. - 


S99 
S99 
250 
250 
250 
250 


637 


Loaded. 


36,666 


Totat 


10,560 
10,560 
10,560 
10,560 


206,365 


3 

0.00071 
2662 
190 

0508 

0463 
00039 
1460 

0254 


0250 


) 


237.0 


Per 
sq.ft. 
899 
899 
2689 . 4 
S99 
S99 
250 
250 
250 
250 


700 


4* 
0.00140 
0.00270 
5,250 
10,120 
350 
675 
0.0936 
0.1800 
0.121 
0.251 
0.00126 
0.00272 
4,725 
10,200 
0.0467 
0.0901 
0.0653 
0.155 


67,326 
999 


10,560 
10,560 
10,560 


10,560 


226,365 


AND ACTUAL DATA ON “MUSHROOM” SLAB 


5* 
0.00373 
0.00610 

14,000 
22,900 
933 
1,526 
0.250 
0.408 
0.305 
0.408 
0.00401 
0. 00607 
15,000 
22,762 
0.125 
0. 204 
0.173 
0.241 


0.00628 
23,550 
1,569 
0.420 
0.439 
0.00681 
25,500 
0.210 


0.256 


Total 
20,322 
20,322 
31,546 
20,322 
20,322 


112,835 


Total 


10,560 
10,560 
10,560 
10,560 
242,365 
z 
0.00708 
26,550 
1,800 
0.482 
0.517 
0.00758 


28,400 
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upper surface of the slab in the direction of all the rein- 
forcing rods. 

(4) 
face in the direction of all the reinforcing rods, in agree- 
ment with Norcross’ own analysis. 

(5) This slab deflected 1.6 in. under 
then broke down completely under 38 tons. 

(6) The first crack appeared under a load of 15 tons 
and deflection of 0.7 in. 

(7) 
face over the columns, inevitably cracks at a column when 
the slab is loaded around the column. 


The concrete showed tension at the bottom sur- 


9 
oo 


tons and 


The slab, not being reinforced on the top sur- 


“MUSHROOM” SLAB 


The “mushroom” defined by C. A. P. 
Turner, its inventor, as a continuous flat plate of con- 


crete, supported on columns, and reinforced in such a 


system Is 
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CTOSS pleces of Pe-In. round bars, except over the mush- 


room heads, where the reinforcement was ratsed until it 
came to view at the upper surface. The mean values of 
At mid side belt d oly, 


oo 


may be taken to be: from 


the top; 


ll. 


atl Crossing ot diagonals d ws Il. from the 


at edge of cap gan § from the bottom. 
the 
slab (Fig. 6) is like that already given for the Norcross 
slab in every particular except that the size of the former 
being I8xIs8 ft., while the Norcross slab-was 16x16  ft.. 


top: in. 


The diagram of loaded areas for “mushroom” 


the arms of the Greek cross in the “mushroom” slab are 
Table LILLE exhibits 
the loads per square foot of each of the subsidiary areas 


each 6 ft. 6 in. long and 5 ft. wide. 
shown in the diagram as also the total loads on each ol 
those areas. 

Klongations of steel were measured by extensometers 
in two of the side belts and in one of the diagonal belts 





Fig. 7. LOADING 


ies. 


UNDER 
Vo. 


manner that circular and radial stresses are both provided 
for by metal reinforcement in the tension zone above the 
column, and similar provision is made for tensile stresses 
in the lower part of the slab concentric with the center of 
the panel situated diagonally between columns. 

The “mushroom” test in. thick, and 
supported on four 18x18-in. square reinforced-concrete 
columns distant 12 ft. ©. way. These had 
square capitals, 42x42 -in. The slab was approximately 
ISx18 ft. in plan, and the diameter of the outer ring rod 
of the “mushroom” was 66 in., while the inner ring was 
f2 in. 


slab was 6 Was 


to «. each 


These were supported on eight 144-in. round radial 
column rods. These radial and ring rods together consti- 
tute the mushroom head proper and make a very stiff ar- 
rangement of diagonal steel in all directions, which serves 
to raise the regular belts of reinforcing that rest on it 
The amount of 
steel so employed is, however, not greater than that neces- 


to the top of the slab over each column. 


sarily used in the steel plates covering the tops of the 
The construction wil! 
3, which shows the rein- 


columns in the Norcross system. 
he clearly understood from Fig. 
forcement and forms -ready for pouring .the concrete. 
Figs. 7 and 8 show the progress of the loading and the 
final appearance of the slab. In this slab the belts of 
reinforcing rods at the bottom were lifted above the 
forms while the concrete was being poured by resting on 


“MUSHROOM” SLAB UNDER 





Fie. 8. 
TE 


FAILURE 


ST 


until the vield pot of the steel was reached at load No. 
In Table [IV these 
will be considered so far as they relate to the middle 
points of the belts. Loads Nos. 8. 9 and 10 
interest as exhibiting the behavior of the slab under ex- 


8. Deflections were also measured. 


are of great 
cessive loads, showing, as they do, vielding and large per- 
manent deformation without dangerous collapse. 
The to that Table IV is 
hased on a complete rational analysis which he has him 
self developed the flat 
The numerical application of that an 


writer desires state partly 


for continuous slab when unl 


formly loaded. 
alvsis is found to be in close agreement with the very 


numerous tests for deflection which are now available, and 


with the smaller number of extensometer tests of the 
elongation of the steel in such slabs, which have been 
made up to the present time. It is impracticable to d 


velop that analysis in this paper, but it is the intention 


of the writer to publish the more essential parts of h 


1 


slab theory at an early date. Meanwhile he will take the 
liberty of employing certain parts of it in computing the 
approximate results given in Table LY. 

the effective 
load per square foot, which is the intensity of loading 


He has computed in the first place ww, 


which according to his slab theory, would, in a continuous 
uniformly loaded slab of many panels cause the observed 
stress f5 in the steel at the center of the panel. This 
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computed value of w should be compared with the corre- 
sponding intensities of loading of the entire slab of the 
As the yield 
point of the steel is approached the effective load w tends 
to coincide with the intensity of the loading on the area 


panel, and especially of the central area C. 


(', which appears otherwise reasonable. 

If now the effective load w be employed to compute 
the central deflection of a continuous slab of many panels 
‘carrying a uniform load of this intensity, it is found 
that this slab theory gives a_ set of deflections at the 
middle of the diagonal belts practically identical with 
those observed. 

The same is true of the deflections computed for this 
loading at the middle points of the belts. Slab 
theory shows that for this particular slab these last de- 
flections are one-half 
the panel. 


side 


as those at the center of 
Slab theory also shows that a continuous slab 
with the present reinforcement, size and thickness of the 
panels, etc., would show fs at the center of the side belts 
to be 15% greater than at the center of the panel, as the 
yield point is approached. This limit is nearly reached 
under loads Nos. 6 and 7, and fails evidently of doing 
so by a small amount by reason of the lack of continuity 
of the slab. 

The double set of under loads Nos. 4 
and 5 is due to the fact that readings were had under load 
No. 4 immediately after the load was applied, and again 
seven days later before applying load No. 5. 
set of readings was the larger as shown. 
under load No. 
subsequently to the first set. 
Table IV that results 
are accounted for to a good degree of approximation up 
to the yield point of the steel by the slab theory. 

It will from Tables I and III that the first 
three loads were practically the same for both slabs. In 
the Norcross slab load No. 3, of 18 tons, stressed the steel 
up to the yield point, but in the “mushroom” slab the 
stress was so small (being in fact less than 10% of the 
former), as probably not to remove all the compression 
from the conerete in which it was embedded. Indeed the 
load on the latter slab became five times as much, 90 
tons, before its steel approached the vield point, at which 
time it was carrying about twiee the load which caused 
the complete failure of the Norcross slab. 

Moreover the deflection of the slab under 
load No. 3 was 22 times that of the “mushroom” slab 
under the same lead. This result is in full accord with 
slab theory, which shows that the central deflection of 
a continuous diagonal beam with fixed ends uniformly 
loaded with one-sixth of the total load on the slab and 
having the same thickness and reinforcement as_ the 
diagonal belt, would have more than six times the cen- 
tral deflection of the slab while the stress in 
would be four times as much. 
measure of the effect of slab action. 
action” 


as great 


Values given 


The second 
The second 
set of readings 5 was.takén four days 


It appears from the observed 


be seen 


Norcross 


its steel 
This gives a 
By the phrase “slab 
we designate the increased strength and _ stiff- 
ness of the slab by reason of its resistance to circumferen- 


three or 


tial stresses around the columns and around the center 
of the panel. 
Furthermore, 


if this continuous beam be compared 
with a simple beam uniformly loaded and having the 
same reinforcement, the latter would have five times the 
deflection of the continuous beam, or 30 times that of the 


slab, while the stress in the steel would be one and one- 
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half times that in the continuovs beam, and six or seven 
times that In the slab. This last exhibits the effect of 
cantilever action combined with slab action. 

By the phrase “cantilever action” we designate the in- 
creased strength and stiffness which is due to the con- 
tinuity of the beam or slab by reason of its being fixed 
in direction at its supports so that it is convex upward 
at such points. 

The concentration of the loading toward the middle of 
the panel such as was the case in this test will prevent 
any precise agreement of these numerical estimates based 
on uniform loading with the results of the but 
they tend strongly to our confidence in_ the 
validity of the analysis from which these concordant ap- 
proximate estimates are obtained. 


tests, 
sustain 


The amazing difference in the strength and_ stiffness 
of these two slabs, which contain practically the same 
amount of concrete and steel, is due to the difference of 
principle of their construction, which may be summar- 
ized for the “mushroom” system by considering its slab 
action and its cantilever the 
counts, VIZ: 

(1) Cireumferential slab stresses are most economi- 
cally and effectively provided for by the ring rods around 
the column heads. 

(2) 


make the belts so wide as to provide reinforcement over 


action under following 


The size of the ““‘mushroom” heads is such as to 


the entire area of the slab, thus securing slab action in 
the central part of the panel where the belts lie near the 
lower surface. 

(3) The reinforcing belts cover a wide zone at the 
top of the slab over the columns and “mushroom” head, 
which thus provides resistance to tension, and insures 
effective cantilever action. 

(4) Concrete is thus stressed in compression at the 
hottom of the slab for a wide zone around the columns. 

(5) Under the breaking load of the Norcross slab, 
amounting to 38 tons, the “mushroom” slab deflected at 
first only Ye in., but after exposure to rain and great 
changes of temperature for seven days had somewhat 
softened the concrete, the deflection increased to 14 in. 

(6) The first crack appeared underneath the edge of 
the slab across the side belt under load No. 5, of 56 tons. 
with a center deflection of 0.4 in. and an average deflec- 
tion at the middle of side belts of 14 in. 

(7) No cracks appeared on the upper side of slab 
at the edge, nor were any seen elsewhere, until load No. 
7 of 90 tons was applied, when the vield point of the 
steel was evidently nearly or quite reached, giving a cen- 
ter deflection of 4 in. 

(8) The slab carried its final load of over 120 tons 
for 24 hr. without giving way. It demonstrated the im- 
possibility of its sudden failure by a gradually yielding 
until it reached a final deflection of some 9 in., as seen 
in Fig. 8. 

es 
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The Underwriters’ Laboratory, Ine., has secured 10,000 
sq.ft. of additional land adjoining its present property on East 
Ohio St., Chicago. It plans to extend its present building to 
provide space for hydraulic and chemical laboratories and 
offices. When this addition is made the institution will have 
a total ground. area of 26,600 sq.ft., and a total floor area of 
45,000 sq.ft., devoted to various tests of materials, devices, 
and processes for fire prevention. It is reported that the 
year 1912 showed a 50% increase of volume of DSusiness han- 
dled. The completed plant represents an expenditure of 
$175,000, this having been contributed by the fire-insurance 
companies holding stock and supporting the project. 
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A Mine Locomotive Designed for 
Accessibility* 


The accompanying figure shows a mine locomotive with 
a cast-steel open bar frame in which every attempt has 
been made to secure accessibility, simplicity, durability 
and strength. It is claimed that it will operate ysatis- 
factorily under the worst conditions with minimum atten- 
tion and maintenance expense. The frame is designed to 
give maximum strength and to allow ready access to all 
parts so that the locomotive can be inspected or over- 





A MINE Locomorive with CAstT-STEEL OPEN BAR FRAME 


Westinghouse Electric & 


Co.) 


Works and 
Manufacturing 


(Baldwin Locomotive 


The 
construction is the same as that used on heavy steam 
freight engines. 

The open frame gives much better ventilation to the 
motors and resistance than that obtained by plate-frame 
construction. 


hauled, when necessary, in the least possible time. 


The motors, brake rigging, brake shoes 
The upper parts 
of the motors and armature bearing housings can be re- 
moved without disturbing the suspension, so that each 
part of the motor is exposed for inspection. ‘To remove 
the grid resistance the only work necessary is to take off 
the locomotive covers and loosen the bolts and terminals 
that hold the resistance-grid frames in place. 


and sand boxes are easily accessible. 


On locomotives with outside frames, as in the accom- 
panying figure, the Vauclain removable journal-box gib 
has been used. ‘To remove a journal box with this gib, 
it is only necessary to drop the binder and take the 
weight off the journal box. The journal box may then be 
slipped out from the side. With frames inside the wheels, 
the journai-box collars are arranged to be easily dropped 
out for re-packing. If it is desired to take out a set of 
wheels and axle, this may be done without disturbing the 
motor suspension or connections by simply blocking the 
motors in place and removing the binders. The wheels 
may then be dropped. 

The motors are a commutating-pole type, with cast-steel 
frames split diagonally. The axle bearings and suspen- 
sion nose are on the lower half of the frame, so that the 
upper half, the armature, and bearing housings can be re- 
moved without disturbing the suspension or axle brackets. 
All windings are impregnated and the field coils are pro- 
tected from vibration by heavy ‘cushion springs placed 
between them and the motor frame. 


*From information furnished by the Westinghouse 
panies Publicity Department, East Pittsburgh, Penn. 


Com- 
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This locomotive is the joint product of the Baldwin 

Locomotive Works, ot Philadelphia, and the Westing- 

house Electric & Manufacturing Co., of Pittsburgh. 
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A Comparison of Recent Bids for 
Various Types of Paving in the New 
York Navy Yard 
By Watrer H. ALLeEN* 


Proposals recently opened for paving in the 
lyn Navy Yard 


of pavement, both granite block and creosoted wood, and 


Brook- 
contamed bids upon several classes 
under the specifications that now govern the laying of 
these pavements in the Borough of Manhattan, New 
York City, as well as the Navy Department specifications. 
These bids furnish some very interesting comparisons. 
The site of the Navy Yard paving is the area sur- 
rounding the recently completed dry dock. It 
to obtain the best class of granite paving, 
account 
vicinity 
account of the poor success experienced in the Navy 
Yard with most of the that 
there. 
Bids 


follows: 


is desired 
hot only on 
of the heavy loads that the pavements in the 
of dry docks frequently sustain, but also on 
heen laid 


pavements have 


were invited upon four classes of pavements, as 


Class (A) 4-in. granite cubes. 

(B) “Durax” granite blocks. 

(C) Oblong granite paving blocks. 
(D) Creosoted wood paving blocks. 

The specifications provide that, in the Class A pave- 
ment, a variation from the 4-in. dimension of not more 
than 14 in. would allowed, and the blecks should 
have parallel sides and right-angle edges. They should 
he laid as close together as possible in straight courses. 
The “Durax” granite blocks should be irregular cubes, 
similar to those extensively used in England, the edges 
The blocks 


should be laid in close contact with no joint exceeding 


Class 
Class 
Class 


be 


to vary in dimension from 31% in. to 234 in. 


lf, in. and in concentric interlocking segments. 

Special provision was made that men employed to lay 
this pavement should be experienced workmen accus- 
tomed to laying this class of pavement. The oblong 
blocks should be from 7 in. to 9 in. in length, 3 in. to 
34% in. wide, and from 314% in. to 4 in. in depth, de- 
pressions not in ‘excess of 34 in. being allowed. Joints 
between courses and at ends of blocks should not exceed 
4 in. This block has been extensively used in the city 
of Havana, Cuba. 
in accordance with the usual Navy specifications and laid 
in the usual manner. 

It was specified that the 4-in. cubes and the “Durax” 
blocks should show a compressive strength of not less 
than 30,000 Ib. per sq.ft. and a coefficient of wear of 
not less than 15 (French standard). For the Class C 
paving, these figures are 25,000 Ib. and 14 respectively. 
Bidders were required to furnish samples of blocks with 
the bids, and 
of the contract. 

The foundation for whichever class may be used will 
Under the granite paving blocks, com- 
prising the first three classes, the cushion will be fine 
gravel having no particles less than 34 in. greatest dimen- 


The creosoted wood blocks were to be 


tests were to be made before the award 


be concrete. 





*Civil Engineer, U. S. Navy, Brooklyn, N. Y 
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sion, or chips of granite or gneiss which pass a %g-In. 
under 
4, in. thick, and the joints 
similar to the cushion 
Under the 
wood paving blocks a sand cushion 8g in. thick was speci- 


and are retained on a V-in. sieve. ‘The cushion 
the granite paving Is to be 
full of material 


and then filled) flush with coal-tar pitch. 


are to be swept 


fied. 

The amount of grading necessary is small, averag- 
of excavation. Bluestone head- 
the 


unpaved areas or pavements hot upon a concrete Toun- 


wng not far from 5 in. 


ers are required al edges of paving adjacent to 


dation. A small part of the paving is to be done upon 


concrete foundations furnished by the government in 


connection with railroad tracks about the dry dock. 


On this work, only the cushion and blocks are to be fur- 


nished and placed by the contractor. Work is to begin 


in the spring of 1913, as soon as the frost is entirely 
out of the ground and the contractor is allowed three 
calendar months to complete his work after being notified 
to start. 


The bids were opened on Nov. 23, 1912, and are as 


shown in the table below. 


UNIT PRICES IN BIDS FOR PAVEMENTS, BROOKLYN, N. Y., 
NAVY YARD 


Paving per 

Paving per sq.yd. on 

sq.vd. in- foundation, 
cluding laid by 

foundation 
Ridder No. 1 + 10 
Bidde r No. 3 37 
Bidder No. 2 3.26 
Bidder No. 3 o2S0 
Bidder No 5 53 
Bidder No : 05 
sidder No CC 3.98 

Bidder No ) 3.96 

Bidder No : 3.69 

Bidder No » \ 23 


Headers, 
government per lin.ft. 


3.25 


»« 


dik 


- . 


Bidder No. 5 ; 5.93 
(1) This bid slightly modifies the government specification in regard to ex- 
pansion joints and the filling of joints 
(2) New York City specification 


, 
4 
4 
3 
Bs 
3 
2 
4 


From these bids it is possible to draw several inter- 
esting conclusions. All bids on the 4-in. eube pavement 
(Class A) high, showing that this class of 
pavement, which would probably give excellent results 
from the standpoint of and low 
maintenance Cost, Is so costly to lav that except in rare 
Doubtless the 
high bids are due in part to the rather too stringent 
specifications regarding the variations allowed in_ the 


were Very 


satisfactory service 


Instances it is Impossible to consider it. 


blocks. 

The only bid for *Durax” pavement, Class B, is very 
close to some of the bids on oblong block pavement, Class 
C. This ts the fact that 
there is this country for making 
“Durax” blocks so that it will probably be necessary to 


rather remarkable in. view of 


but one machine* in 


make a large part of them by hand, and that no pave- 
ments of this class have been laid in this country and 
there are no experienced for this class of work, 
so that it will be hecessaryv to send men to Kurope tO ac- 


pavers 


quire skill im this class of paving. 

The granite block paving varied 
greatly, but it is noticeable that the low bidder also 
submitted an alternate bid for blocks in accordance with 
the specifications of the city of New York: and the dif- 
ference in cost is very little, although-the New York City 
block is larger and the specifications in regard to even- 
ness of the surface and allowable width of joints are less 
rigid in the New York specifications. 


bids for oblong 


*For a descrintion of these machines and this type of pav- 
block see “Eng. News,” Mar. 28, 1912, p. 614. 
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Three bids were received for creosoted wood paving 
blocks, two in accordance with the government specifica- 
tions and one in accordance with the New York City spee- 
ifications. The lowest bid is in accordance with the gov- 
ernment specifications. 

The reductions in the cost of paving for the work upon 
the government foundation in the vicinity of the railroad 
tracks vary from 64¢. to $1.43. These figures do not 
fully represent the estimated cost of foundation alone, 
but probably involve the different opinions of the con- 
tractors as to the amount of excavating to be done and 
the difficulties of paving about the railroad tracks. 

Undoubtedly, some of the contractors were influenced 
in their bids by the rigidity of the government speci- 
fications and their unfamiliarity with work for the Navy 
Department, some bids being out of all proportion to the 
actual cost of the work. 

The most interesting feature of the bids is that the 
one for the “Durax” pavement is among the lowest of all 
the bids for granite paving, although, due to the nov- 
elty of this pavement in this country, it was to be 
expected that the bids for this class would be much 
higher than those for the oblong blocks. It indicates 
that with some familiarity and experience in laying 
this pavement with better means for getting 
out the blocks, “Durax” pavements can be constructed 
in this country at a less cost per sq.yd. than the best 
granite blocks which are found in the 
streets of the large cities of the United States. 


and 


class of oblong 


os 
at 


Graduate Industrial Courses for 
Electrical Engineers 


A development of the older courses for student en- 
gineers in the testing department of the General Elee- 
tric Co. is being made by giving them experience for a 
period not exceeding three months under the consulting- 
engineering department. Student engineers in good 
standing in the testing department for not less than one 
vear are eligible. The work will consist in assist- 
ing one of the consulting engineers, and the time spent 
will depend on the time required to complete the particu- 
lar work in a project, and may be from a few days to 
several months. A student engineer may thereafter re- 
turn to the testing department or assist in some further 
work under the consulting-engineering department, de- 
pending on conditions in the departments at the time. 

Furthermore, a general extension course under the di- 
rection of the consulting-engineering department — has 
been made available to a limited number of student en- 
gineers who must have been in the testing department not 
less than a year, must have had some previous experience 
under the consulting-engineering department, and must 
have been recommended either by that department or 
by the transformer department. 

The course extends over seven months. 
least 


Of these at 
four are spent in the consulting-engineering de- 
partment, and three in the transformer-engineering de- 
partment, or other allied divisions. While under the 
former department, the student engineer is given work 
with various classes of theoretical, practical, experimen- 
tal, and development work, being assigned to the different 
consulting engineers. On each Saturday forenoon weekly 
lectures are given by prominent men. 
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Excess Water in Spouted Concrete 


Among the many devices to reduce the cost of trans- 
porting concrete from the mixer to its place of deposition, 
no one has had a more successful and rapid growth than 
the spouting or gravity chute. If a convenient central 
station can be located, this system provides the advan- 
tageous combination of a permanently placed mixing 
plant with flexible conveying system, plus the marked 
economy of “letting gravity do your work,” as one of the 
spouting systems advertises. It is small wonder that 
such superior merits have resulted in wide use. 

Unfortunately, however, we live in an imperfect world, 
and these admirable contrivances partake of this imper- 
fection. Unless properly designed and operated, they are 
very apt to produce a water-logged concrete, or, if that 
term is not precisely appropriate, an excess of water in 
the concrete deposited. Some months ago a correspondent 
in these columns called attention to this possibility and 
suggested the urgent need of tests to determine the effect 
of excess water in a concrete mixture. The article by 
J. F. Greene on the Latah Creek Bridge at Spokane, on 
another page of this issue, emphasizes this need by ref- 
crence to a specific case. 

Mr. Greene’s experience is a common one. Concrete, 
when mixed to what has been generally supposed to be 
a proper consistency, ‘has a fairly high friction coeffi- 
cient, and to get it to flow easily one of three things is 
necessary. Either the grade of the pipe or trough must 
Le high, auxiliary human pushers must be employed or a 
large proportion of water must be used in the mixing. 
The first of these alternatives is a matter of original de- 
sign in a gravity plant and a proper elevation Is often an 
impossibility. The second adds just the extra cost the 
system is designed to avoid. There remains then only the 
third alternative, which is the one almost invariably re- 
sorted to. The consequence is that in many installations 
of this type of conveyor, concrete is sluiced down the 
trough or pipe in an entirely too liquid conditien, with 
the results as noted by Mr. Greene. 

The difficulty les in determining at just what point 
super-saturation commences. The old quibble over wet 
and dry concrete is a thing of the past. No one now 
doubts the efficacy of a certain degree of fluidity In con- 
crete. On the other hand, no one can doubt that too 
much water is a dangerous thing—for concrete. As the 
matter now stands, there is no definite dividing point be- 
tween just enough and too much, and the opportunity for 
the testing engineer is great. 
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Another Flat Slab Test 


The comparative tests of two different types of flat- 
slab floor, described by Dr. IH. ‘T. Eddy on another page 
of this issue, are very illuminating in spite of some very 
serious defects in the plan of the tests and a certain in- 
completeness in the analysis of the stresses. As an indi- 
cation of the initial strength of a well designed flat slab 
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and of that no less desirable quality, the ability to fai 
slowly when failure is unavoidable, the tests could not be 
better. But the construction of the so called Norcross 
slab and the methods of analyzing both slabs leave much 
to be desired. 

In the first place no one should ever think of building 
in an actual structure a flat-slab floor of the type called 
the “Norcross slab” in the tests. This panel may ap 
proximate in design the specifications of the Norcross 
patent; but the lack of any negative moment reinforcing 
at the columns, the extreme narrowness of the diagonal! 
belts and the absence of any spreading bars to provide 
cantilever action over the columns all mark the slab as 
impracticable. The test results only confirm the impres 
sion that the design suggests. It is probable, however, 
that the slab would have shown up much stronger if the 
same amount of steel in the diagonal bands had been 
widened so as not to leave anv unreinforced concrete area, 
a very simple amendment of the system. The transmis- 
sion of the loads through so great an area of plain con- 
crete to the concentrated steel undoubtedly subjected the 
concrete to undue stress and caused cracks (not noted in 
the test) which developed to such size as to cause the 
observed sudden collapse of the slab. 

In regard to the analysis of this slab, Dr. Eddy’s fi 
ures certainly show that the simple beam theory can ac- 


count for stresses and deflections in this type of con- 
struction with remarkable fidelity, in spite of the obvious 
fact that a series of beams integrally tied together ean 
not act in the same fashion as the same beams separated 
into units. 

The analysis of the “mushroom” slab is equally inter- 
esting, although as yet so incomplete as to be of no value 
to those numerous engineers who are seeking a rational 
method of analysis of this highly successful tvpe of con- 
struction. It is to be hoped that Dr. Eddy will soon make 
public his promised method of analysis and thus show 
conclusively the accordance between the tests here dis- 
cussed and a rational theory of stress. Meanwhile, publi- 
cation of the tests is full and open so that any engineer 
may make his own deductions therefrom. 


2 


A British Defense of the Open 
Fireplace 


A long-standing puzzle to Americans resident in Eng- 
land is the tenacious hold of the open fireplace as a 
inethod of heating dwellings. While steam and hot-water 
systems have long been ind ceneral use tor heating public 
huildings, it is extremely rare to find in England any 
other means of heating in a private residence, even the 
most expensive, than the open fireplace. 

An American accustomed at home to normal living- 
room temperatures of 70° maintained throughout the 
cold-weather months as a matter of course, finds himself, 
on taking up residence in England in the winter, in con- 
stant discomfort from the cold. In severe weather, the 
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open fireplace, which is usually very tiny in proportion 
to the size of the room, can only make comfortable per- 
sons who are close beside it. Remote parts of the room 
are exceedingly chilly and halls and passages are wholly 
without heat. ' 

The American stranded in such a chilly place will re- 
call longingly the hot-air furnaces and steam radiators 
of his native but let him not hope to make a 
fortune by educating Englishmen to the comfort attaina- 


land: 


The Englishman accustomed 
all his lifelong to the modicum of heat that the hearth 
fire aflords, prefers that mode of living to the artificial 
summer temperature which the American regards as a 
primal necessity. 


dle by such simple means. 


A curious correspondence has been recently going on in 
the columns of the London Times Engineering Supple- 
ment respecting the use of anthracite stoves for heating 
living rooms. This correspondence draws forth a vigor- 
ous reply in the Times of Feb. 19 from a correspondent 
who rushes to the defence of the open fireplace as if it 
were the British constitution itself that was under attack. 
We quote from his letter as follows: 

An open fire has great charms in its romantic play of flame 
and ever-changing form; it varies the monotony of life and 
leads us to exercise ourselves in the making of it up. We are 
disappointed at its dullness or charmed with its brightness, 
and we regard it almost as an individual, one of the house- 
hold, and gain from it something of the stimulation of and 
variation in our mental life which we gain from intercourse 
with a friend. It has indeed been the best friend of man 
through vast ages of his earthly pilgrimage, and is inter- 
woven with the poetry and romance of life. 

The anthracite stove is warm but an ugly clod of a thing, 
and cannot touch the spirit of man. If the open fire were 
always made to fulfill the conditions of complete combustion, 
and did not darken the atmosphere, we would not give it up 
for any of the new-fangled inventions of the heating engi- 
neer. Is not the extra money spent on the coal well spent 
if it contributes to our health and happiness? Is not the 
open fire as valuable to a cultured Englishman as his pic- 
tures and his books? 


The Greatest Piece of Engineering 
Work in the World 


Measured by the amount of money to be expended, the 
largest piece of engineering work ever undertaken in the 
world, not even excepting the Panama Canal, is the New 
York Rapid Transit Subway System, on which the final 
steps were taken last week by the signing of the final 
contracts between the city and the Interborough and 
Brooklyn Rapid Transit Companies. According to the 
official statement made by Borough President McAneny 
at the meeting of the Board of Estimate on Mar. 18, 
the total expenditure on the extensions of the Inter- 
borough System, for both construction and equipment, 
will amount in round numbers to $140,600,000, and on 
the Brooklyn Rapid Transit System to $161,200,000. 
This makes a total of nearly $302,000,000. Adding to 


this the expenditure on third-tracking and other improve- 
ments on the elevated lines and such work as the Stein- 
way tunnel, which is to be included in the new system, 


the total investment will approximate some $330,000,- 


000. Adding to this the investment already made in the 


existing subway system, we arrive at*a valuation of the 
entire subway system when completed whieh will consid- 
erably exceed the cost of the Panama Canal work. 

As our readers are aware, a considerable mileage of the 
new subway work is already under contract. The total 
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amount of contracts already let is some $75,000,000. 
Contracts are still to be let on the work to the amount of 
$ 160,000,000, 

The amount of engineering work involved in the con- 
struction will be considerably greater than that involved 
in executing the comparatively simple work on the Pana- 
ma Canal construction. There are now about 750 em- 
ployees on the engineering staff of the Public Service 
The 
most important and most difficult part of the engineering 
work was the preparation of the general design, which 
has already been completed. What remains to be done 
is chiefly supervision and inspection of the actual con- 
struction work. 


Commission and 200 to 250 more will be necessary. 


The importance of the new lines in adding to the 
transit facilities of the great city can hardly be over- 
estimated. As to whether their earnings will be suffi- 
cient to pay interest on the enormous investment in- 
volved, there are so many varying and conflicting opin- 
ions that we shall venture to express none here. This 
much, however, is certain, that the city’s representatives 
in the Public Commission and the Board of 
Estimate, who have given years of study to the subject 
of transit development and to the best methods of secur- 
ing it for the city, are satisfied that the great develop- 
ment now to be undertaken is necessary for the city’s 
welfare, and that the terms on which it is to be carried 
out represent the best that it was possible for the city to 
secure. 


Service 


According to the contracts just signed, the entire 
system is to be completed and ready for operation by 
Jan. 1. 1917. 


+2 
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Stereophotogrammetry 


In view of the tremendous progress in every branch 
of engineering practice during the past century, it is re- 
inarkable that so little progress has been made in the work 
of surveying, upon which practically all other civil engi- 
neering work is based. We still have to actually measure 
the ground and afterward reproduce those measurements, 
reduced in scale, upon paper. It is true that there have 
been great improvements in surveying instruments, re- 
sulting in much greater accuracy; but the essential ele- 
ments in the theory and practice of surveying are the 
same today that they were when George Washington sur- 
veyed in the forests of Virginia, using a compass for angle 
measurements and pacing the distances. 

The introduction of photography as a means of ob- 
taining information for topographical maps has been 
practically the only radical change in survey methods in a 
century; yet photogrammetry is a term none too familiar 
to American engineers and surveyors, considering the 
wide possibilities of the art. As a method of surveying, 
its use in this country, we believe, has been limited to a 
few government surveys, and these have been made prin- 
cipally in Alaska. Regarding this work in Alaska we 
are informed by J. W. Bagley, topographic engineer of 
the Umited States Geological Survey, as follows: 

A method of photo-topographie surveying for mountain- 
ous country has been used with success by the Geological 
Survey in Alaska since 1910. A panoramic camera designed 
with considerable precision has taken the place of the photo- 
theodolite or plate camera. It is used in connection with the 
planetable to supply data for constructing the contours. The 


most evident advantages in the field work are the substitution 
of films for plates, thereby reducing the weight of equipment, 
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the lessening of time required to take three views instead of 
eight, and the greater convenience of preserving and trans- 
porting exposed films rather than plates. 

In the compilation of data the economy is even greater. 
An apparatus. designed for the rapid transference of horizon- 
tal angles to the map places the photograph in the same 
position relative to the map as that portion of the landscape 
lay when the sheet was properly oriented at the field station. 
This relation can be easily established at any time, so that 
sights may be taken very much as sights are taken on the 
planetable by means of an alidade, without the necessity of 
noting readings. Elevations can be computed from the photo- 
graphs at a rate somewhat greater than 
angular readings. 

The method nas proved sufficiently accurate to give excel- 
lent results on a scale of a mile to the inch, using 50-ft. con- 
tours. The photographs can be relied upon to furnish eleva- 
tions at distances up to five miles within 20 ft. The cost of 
the work has been less than the cost of work by the familiar 
planetable method. 


from telescopic 


It is doubtful if any American engineering col’ege 
gives actual practice in photo-surveying, although the 
principles of photogrammetry are now included in some 
standard textbooks on surveying. 

In Europe, on the other hand, the practice of photo- 
grammetry has steadily developed, and this development 
has now reached a high degree of perfection, evolving a 
new term “stereophotogrammetry,” quite unknown to the 
vast majority of American engineers. 

Stereophotogrammetry, moreover, is not so formida- 
ble an art as its name implies. Whoever is familiar with 
an ordinary picture stereoscope can quickly appreciate 
the possibility of taking measurements of points on the 
pictures in all three dimensions. The perception of depth 
in stereoscopic pictures is the result of looking at two 
photographs taken simultaneously on two plates which 
were a distance apart of only a few inches. Imagine then 
how much the perception of stereoscopic depth may be in- 
creased if the plates are exposed at a distance apart of 50 
or 100 ft. Place these plates in an apparatus designed to 
still further increase the stereoscopic effect and to mag- 
nify the image—increasing the stereoscopic effect a thou- 
sand times over that of an ordinary picture stereoscope—- 
and we are able to understand how it is possible to make 
measurements by stereophotogrammetry with no mean 
degree of accuracy. 





The most serious objection to stereoscopic measure- 
ments is due to the large personal equation involved. The 
abilitv to see stereoscopically varies much with different 
individuals; some persons are unable to perceive stereo- 
scopic depths at all. Such a personal element is, of 
course, a drawback to any method of making measure- 
ments. Stereophotogrammetry has, however, made such 
progress in Europe that American engineers cannot long 
neglect giving it a trial, and we believe that the article 
elsewhere in this issue describing the progress and 
methods of photo-surveying in Europe will be read with 
interest by all American engineers interested in survey 
methods. 

Stereophotogrammetry has wide fields of usefulness in 
many branches of art and science. Its application to 
architecture can readily be appreciated. By means of two 
photographs taken at the ends of a short base line, it is 
possible to take all the dimensions of an inaccessible dome 
or tower. It has been used to study the movement of 
glaciers; photographs taken from the same stations at 
intervals of time make it possible to perceive very slight 
movements in the ice. Stereophotogrammetry has also 
been used to study the height and length of sea waves; to 
study and measure the features of the human face as 
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an aid to sculptors; to study the stars, and for a variety 
of other scientific and useful purposes. 

Stereophotogrammetry so far extends and simplifies the 
practice of photogrammetry that it is perhaps the most 
interesting and revolutionary development which has ever 
entered into the practice of surveying. Think of the pos- 
sibility of sending a hair-line marker from point to point 
of the virtual landscape and taking all the measurements 
of those various points with many times the ease and 
speed with which a stadia rodman could cover the dis- 
tances in the actual landscape! It seems certain that this 
method will be extensively applied to obtain topography 
of large areas throughout the world, of which no tcpo- 
graphical maps now exist. For small-scale topographical 
details, not requiring a high degree of accuracy, stereo- 
photogrammetry seems to offer great advantages over 
any of the old time methods. 

How much effect these recent improvements in photo- 
surveying will have on railway-location practice remains 
to be determined. By means of stereophotogrammetry it 
will be possible for a chief engineer to examine every 
mile of a projected railway line without stirring from his 
office door. It will be possible to send a two-man party 
into the ruggedest country and obtain in a few weeks all 
the necessary data for a preliminary location. In moun- 
tainous countries where no previous maps exist, it cannot 
fail to be of great advantage, for by use of the stereo- 
photographs it will be possible to readily and quickly 
make measurements which could not be the 
field without elaborate triangulation. 


os 
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Proposed Water-Supply and Sewage 
Disposal Legislation in Minnesota 


Minnesota has been so progressive in some public 
health matters that it seems strange that it has so long 
delayed taking the necessary steps for adequate sanitary 
control by the state of water-supply and sewage disposal. 
A bill is now before the legislature which, if enacted, 
will do much to place Minnesota in line with Massa- 
chusetts, New York, New Jersey, Pennsylvania and Ohio, 
in this respect. The bill might well be strengthened at 
some points and made more specific in others, but per- 
haps it goes as far as can be expected at the beginning 
of such legislation. 


made in 


In substance, the bill provides that all persons, cor- 
porations and municipalities other than first-class cities 
supplying “water for private or public consumption” or 
disposing of sewage within the state must, within six 
months of the passage of the bill, file with the State 
Board of Health certified copies of plans of their water 
or sewerage systems, with descriptions of the sources 
of water-supply and places of sewage disposal; and ‘hat 
“no other (italics ours) source of water-supply or place 
of sewage disposal shall be adopted until complete plans 
therefor have submitted to the Board ‘of 
Health and a favorable report shall made 
thereon by said Board.” The provision that no other 
source of water-supply shall be adopted without a fav- 
orable report thereon by the Board is supplemented by a 
section providing that no shall hereafter 
be built to supply “water for private or public consump- 
tion” until the plans therefor have been submitted to the 
Board and favorably reported on it by it. 


heen State 


have been 


water-works 


As the bill contains no other provisions regarding 
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plans for water-supplies, sewerage or sewage disposal it 
will be seen that it does not go so far and is not so spe- 
the 
common in the legislation of other states. 


cific in giving Board control of these matters as Is 
No one would 
be required to file plans of sewerage systems built: later 
than within six months of the passage of the bill, and no 
control over plans for sewerage systems is given the 
Board, except as regards new places of sewage disposal. 
One would suppose that if it were essential to have plans 
Board it 
would be equally essential to have plans for new  sys- 


of existing sewerage systems filed with the 


tems filed, or at least plans for sewage disposal works. 
Hlowever, judiciously exercised state control over the 
selection of sources of public water-supply and places 
of sewage disposal would be a long step in advance for 
Minnesota and for many other states which have thus far 
let this important sanitary and health matter go by de- 
fault. 
trol of water-supply and sewage disposal, Massachusetts, 
has not extended the jurisdiction of its State Board of 
Health beyond sources ot water-supply and modes (not 
places) of sewage disposal; and that the action of the 
Massachusetts board stops short with “advice”’—but in 


It is well to note that the pioneer in state con- 


practice this advice governs, 

State approval of sources of water-supply, of plans 
for water-works systems, and of places of sewage dis- 
posal, valuable as such approval may be, is only a start 
in the right direction. Unless public opinion in support 
of a state board is remarkably strong, means should be 
provided to insure that plans as approved are executed 
and then that the works built in accordance with those 
plans are not only properly operated but are modified 
in design, construction and operation as may be neces- 
sary to meet the original or changed conditions. 

The Minnesota bill section on the oper- 
ation of water and sewage purification works which is 
good as far as it goes but which is weak because it makes 
no provision for such water-supply and sewerage systems 


contains a 


as do not treat the water or sewage, and also because the 
Board can do nothing but make “recommendations” 
changes which no one is bound to follow. 
follows : 


for 
We quote as 
sec. 6. Whenever the 
that 
incompetent 


State 


water or 


Health 
purification 
inefficient 
as pure as might 


soard of finds upon 


investigation any sewage 
supervision or 


producing an effluent 


works, 
becaust of operation, 


are not reasonably be 
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obtained from such plant, and by reason of which any water- 
supply has become dangerous to health, or any stream or 
body of water has become offensively polluted or has become 
a public nuisance, said board shall issue a notice to the proper 
officer, board or department of any municipal corporation, to 
the proper officer of a private corporation or company or to 
the person or having charge of or owning such a 
plant, them of the conditions found, to- 
gether recommendationss as to the proper procedure 


persons 
apprising 
with 


necessary to 


him or 
remove the danger. 


It is obvious, as already stated, that this section does 
not go far enough. Possibly existing legislation supple- 
ments this section, but we think not. To fully control, 
the State Board of Health should have power to require 
cities or companies which are supplying impure water 
to install purification works and should also be enabled 
to compel the abatement of sewage disposal nuisances. 

The penalty clauses of the Minnesota bill appear to 
apply only in case of failure to comply with the require- 
ments to file plans, as already outlined. To make the bill 
fully effective the penalties should be extended to cover 
failure to follow the plans filed with the Board and fail- 
ure to follow advice as to needed changes in water puri- 
fication and treatment works. Moreover, the 
money penalty (a $50 to $100° fine, regardless of the 
period of non-compliance), appears ridiculously small, 
especially as the alternative of 60 to 90 days imprison- 
ment in a county jail seems to stand little chance of 
ever being applied. 


sewage 


We have reviewed the provisions of the Minnesota 
bill because legislation along this general line is greatly 
needed in other states than Minnesota and because upon 
our engineering readers rests in large measure the duty 
of seing that such legislation, wisely framed, is enacted 
with as little further delay as possible. If the engineers 
of Minnesota, both individually and as members of the 
local and state engineering societies, will rise to the 
occasion, they can doubtless insure not only the enact- 
ment but also the strengthening of this bill—which gives 
evidence of having been drawn in moderate terms lest a 
stronger bill should be defeated. Certainly the engineer- 
ing and law libraries of the twin cities must contain the 
statutes by which other states have vested control over 
water-supplies and sewage disposal in their state boards 
or departments of health. These statutes should be 
studied—but in the light of their actual workings in 
daily practice. 


SUL LLCS LHP HMO LOCOCO TT Cun HMMM TO UCU TTI bed 


LETTERS 10 


UNDE IAL OAD ET 


ui 


M4) 


A Bill to License Engineers in Iowa 


Sir—lI inclose a circular letter which is being sent 


out to engineers in Iowa by a special committee of the 
lowa Engineering Society, urging them to use their im- 
fluence with legislators to secure the passage of a bill now 
pending in the lowa Legislature to_license engineers. 
Especially noteworthy is the argument which the com- 
mittee uses in support of the bill. [ quote as follows: 


Anyone may practice without license, if he wishes, 


anyone now in practice may have a license without 
tien 


and 
examina- 


* * &* *& * 
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The 
to that 
torneys, 


law is a 
afforded 
Physicians, 
Undertakers and 


proposed protection to 
by laws regulating 
Pharmacists, 
Nurses. 


the public similar 
the practice of At- 
Dentists, Veterinarians, 


now 


If anybody now in practice may have a license and 
anybody else may practice without a license, the puzzle 
is to find where the “protection to the public” comes in! 

The special committee further declares that “the engi- 
neers and surveyors are willing to pay all the cost.” How 
does it know they are willing? Perhaps some may fail to 
see where they will receive any benefit to compensate for 
the tax. 

The special committee voluntarily classes engineers 
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with veterinarians, undertakers and nurses: but | doubt 
if the profession as a whole will consider the movement 
a well directed effort for the uplift of the engineering 


profession, 


Ors: dee es 
Mar. 19, 1913. 
| The circular letter inclosed is as follows: Kad. | 
Dear Sir: The bill for licensing Civil Engineers and Sur- 
veyors has been introduced in the Senate. It is known as 


Scnate File No. 434. 

The Committee has exercised its best efforts in wetting 
this bill before the General Assembly and the question as 
to whether it will become a law must now be answered by 
each man in the practice for himself as its passage will de- 
pend on individual action. 

So far as we know, there is no opposition to this bill. But 
the inertia of the Legislature, combined with the inevitable 
rush at the close of the season, will defeat it unless individual 
influence is brought to bear on the legislators by those of us 
who are interested. 

You are urgently requested to write to your serator and 
representative, asking for the passage of this bill, if you be- 
lieve that it is a step in the right direction. As the time is 
short, the letters must be written at once in order to be 
effective. 

Here are some of the points of the bill which you may 
advantageously mention in writing to your legislators: 

The proposed commission is self-supporting and will re- 
quire no appropriation of public funds. 

Anyone may practice without license, if he wishes, and 
anyone now in practice may have a license without examina- 
tion. 

The proposed law is a protection to the public similar 
to that now afforded by laws regulating the practice of 
Attorneys, Physicians, Pharmacists, Dentists, Veterinarians, 
Undertakers and Nurses: AND THE ENGINEERS AND SUR- 
VEYORS ARE WILLING TO PAY ALL THE COST. 

J. L. PARSONS, THEO. S. DeLAY, SETH DEAN, Special 
Committee, Iowa Eng. Society. 
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Experience with Wood Stave Pipe 


Sir—With reterence to the article on wood-stave pipe 
for irrigation, by R. K. Tiffany, in your issue of Feb. 6, 
1913, I beg to give my experience to corroborate the con- 
clusions reached by Mr. Tiffany. 

The Burbank Co. took over the uncompleted Burbank 
irrigation project in September, 1912, and immediately 
commenced the rehabilitation and improvement neces- 
sary to place the property in suitable shape for operation. 
The project consists of 14,000 acres of very arid sage- 
brush land in the western end of Walla Walla County, 
Wash., in which the soil and climatic conditions are 
almost identical with those described by Mr. Tiffany. 

Our experience with-one pipe line has been especially 
illuminating. It was an inverted siphon 6200 ft. long, 
of 38-in. continuous wood-stave construction, which was 
built five years ago and had been used for only four irri- 
gation seasons. It had been buried originally, but the 
wind had blown away the light soil so as to leave the 
top of the pipe partly uncovered. One section of the 
pipe in the bottom of the depression was partly sub- 
merged and covered with damp soil for a distance of 
about 300 ft. During the last irrigation season, it be- 
came so badly impaired as to be unreliable for further 
service. Upon investigation, it was found that the staves 
had rotted from the outside only: but where the pipe had 
been uncovered, and where it had been submerged and 
covered with damp soil, the staves were absolutely 
sound. This information indicated three general con- 
clusions: (1) that wood-stave pipe, without a preserva- 
tive coating, buried in dry volcanic ash soil and not 
under hydraulic pressure continuously, would be subjeet 
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to rapid decay: (2) that its life would be much greater 
if the staves were exposed directly to the air, and (3) 
that rapid decay would not take place if buried in wet 
volcanic ash soil. 

In reconstructing this pipe line. it was concluded that 
it would be best from every standpoint to entirely re- 
build the line, using new staves and tongues, but em- 
ploying the old bands and shoes, placing the pipe line 
entirely above the ground. To accomplish this purpose, 
cradles or mud sills were placed under the pipe 6 ft. 
apart. The cradles were made of 6x8-in. common fir lum- 
ber, 4 ft. long, set on edge. The tops of mud sills were 
milled out to a maximum depth of 3 in., to a curve of 
20-in. radius [giving a curved bearing with a chord of 
about 20 in.—-Ep. }. 

These cradles were sawed in 4-ft. lengths and milled 
at the sawmill, the additional cost for milling being $5 
per M b.m., or approximately 8c. additional for each 
cradle. 

Such construction will make the maintenance of the 
pipe line much simpler, as all leaks can be immediately 
detected at their inception, and repaired, and thus make 
it possible to keep the pipe line full of water during the 
winter season, except in freezing weather. 

The pipe line was reconstructed along these lines and 
we believe that under the circumstances a reasonably 
long life will obtain. The Burbank Co. has construeted 
several miles of continuous wood-stave pipe in the last 
six months, and this construction has been followed 
throughout. 

In another instance on the Burbank project, an in- 
verted siphon 1200 ft. long and made of 14-in. machine- 
banded pipe, heavily coated with tar, had been con- 
structed five years ago and buried under 2 ft. of earth. 
It was found to be in exceptionally good condition. We 
credit this result to the heavy protective coating and con- 
firm the conclusions reached by Mr. Tiffany. 

The Burbank Co. is installing several miles of ma- 
chine-banded pipe for distribution purposes, and in doing 
so, departs from its practice with the larger size con- 
tinuous staves pipes by first providing a heavy coating 
of asphalt, about 14 in. thick, and then burying the 
pipe fully 18 in. below the ground surface. The object 
is to place the pipe lines below the frost line so that they 
may be kept full of water, not only during the irrigation 
season, but during all other times as well, thus prevent- 
ing access of air to the interior of the pipes and relying 
upon the preservative coating to prevent decay from the 
exterior. 

It is apparent, therefore, that the genera! results of 
our observations coincide identically with those of Mr. 
Tiffany and we differ only in the methods employed in 
overcoming the difficulties for the continuous stave con- 
struction. 

ELBERT M. CHANDLER, 

Burbank, Wash., Feb. 13, 1913. 


Sir—The article by R. R. Tiffany in your issue of Feb. 
6, 1913, giving experiences with wood-stave pipe leads 
me to contribute notes on a similar experience. 

In 1903 a 14-in. wire-wound stave pipe was laid by 
the city of Tacoma along tide-land streets which had 
been filled by dredging sand from the adjacent water- 
wavs. The pipe was constructed of 114-in. fir staves, 
with %-in. bands spaced in winding approximately 144 
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In. c. to ¢ and was under a pressure of 106 |b. per sq.in. 


I} , 
Phis pipe 


large number of hydrants which were used a greet deal 


Was Ina sawmill district and connected with a 


for sprinkling and frequently for fire service. 

Frequent repairs were necessary on account of leak- 
age through open seams and usually cut bands were 
The attributed to the 
-less use of hydrants, causing water hammer, thereby in- 
The consequent 
leakage churned up the sand backfill, cutting the bands 
and so aggravating the trouble. 
in 1910 with a cast-iron main. 


found, open seams were care- 


creasing the already high pressure. 
This pipe was replaced 
During the summer of 1912 a section of 31-in. stave 


pipe, laid in 1899, was replaced. 
It was laid in a 


The pipe was uncoated. 
ight, sandy loam and covered two feet 
above the top with the same character of soil. At 
point the pressure was $0 |b. per sq.in. 


this 
Fir staves, 13¢- 
in. thick were used with coated iron bands and shoes. 
The staves were found to be water-soaked and in fair 
the imside. On the outside, the bottom 
staves were good but a small amount of rot showed along 


condition on 


the sides above the spring line of the pipe, with exces- 
sive rot along the top staves, 


The accompanying view shows sections of staves from 


Woop Strayer Pree AFTER Use at Tacoma, WaAsH. 
this pipe. The two right-hand sections show the con- 
dition of the inside and outside of staves at the bottom 
of the pipe. The other sections are the outside of staves 
from the upper part of the pipe. 
50c. pieces and the scale is 6 in. long. The metal tongues 
are shown on two sections. 


The coins are 25 and 


The right-hand section shows approximately jg in. 
of soft wood on the inside, a portion of which has been 
This surface appeared to 
excellent condition first taken out, but it 
rapidly dried and checked. This was the general condi- 
tion on the inside of pipe, at all points. 


scraped away to sound wood. 


be in when 


one-half inch 
of sound wood, that part between bands not having suf- 
ficient cohesion to stay on the staves while being removed. 
The coins are resting on the ridge of wood under the 
bands. 


Along the top of pipe there was not ovc? 


In replacing this pipe most of the original coated 
bands were used again and all of the malleable-iron 
shoes. 

Another section of this pipe, where uncovered a few 
blocks away in a clay soil and five feet back of backfill, 
was in perfect condition on the outside. 

Corroborating the experience of Mr. Tiffany, the dry- 
ing out of our backfill during the summer heat with the 
absorption of the surface moisture from the staves was 
the cause of our trouble. 

Mr. Arthur L. Adams in Vol. LVIII, Trans. Am. Soc. 
C. E., states several of the important points of his exper- 
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lence on the Astoria Water-Works, three of which agree 
with general conditions here on uncoated pipe as follows: 


Where buried, its durability has depended upon the 
conditions and the depth of backfili. 

When the depth of backfill has exceeded two feet above 
the pipe, and the material has been tree from vegetable mat- 
ter, and has been of a fine and impervious character, much 
less deterioration has taken place. 

Wherever the staves have been in contact with loamy 
earth or earth containing vegetable matter, or wherever 
they have been covered with porous material, or to a cepth 
of less than 2 ft., rapid decay has resulted. 


soil 


The replacing of the above noted pipes came ~mder 
the direction of W. B. Short of the Tacoma Water De- 
partment who has the sections shown in lis museun: 

Fk. H. CUSHMAN, 
Assistant Enginee: 
Tacoma, Wash., Mar. 3, 1913. 
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The Status of the Engineer 


Sir—I was surprised to read the arguments of Mr. C. 
S. Burnett in ENGiIngEERING News of Mar. 13. Does 
not Mr. Burnett know that such arguments as “let the 
employer judge,” “the better man will climb to the top 
of the ladder.’ ete., are old and stale? They were and 
are used against union laborers all over the world. Yet 
the facts show that wherever a union of laborers does 
not exist the wages are brought down by the employer 
to the starvation rate. 

How inany of the so called experts do we find at the 
top of the ladder of a municipal staff of a big city like 
New York, Philadelphia and Chicago? How many ex- 
perts do we find in the big bridge or railroad companies 
which employ hundreds of engineers? We find very “ew, 
and most of those few climbed to the top of the ladder 
through political or some other backing, while the rest 
of the hundreds are toiling in the offices or fields like 
drudges, and very often for salaries less than the organ- 
ized laborer gets. 

[ suggest that engineers should delve a little not only 
into the engineering sciences, but also into political econ- 
omy, history, sociology and modern philosophy; then 
they will be able to work out their salvation. 

S. Reswick. 

Barge Canal, N. Y. State, Mar. 17, 1913. 
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Legislation to Restrict the Practice 
of Engineering 


Sir—The writer would lke to add ms mite to the 
present discussion on “The Status of the Engineer.” 

Analogies drawn between engineering and the older 
professions, such as medicine, law and theology, fail be- 
cause of one critical point not emphasized by those who 
have heretofore discussed the question. 

In all these older professions no false hopes are held 
out, to the youth who proposes to enter them, of large 
incomes and ultimate affluence. Statistics have been 
published and novels have been written to acquaint peo- 
ple with the fact that the young lawyer, or physician, 
or clergyman, has an exceedingly small income, on the 
average, and a dismal old age to look forward to unless 
Dame Fortune is good to him. 

These young fellows, having taken up their chosen 
professions with no false hopes, realize that only a very 
small proportion gain more than a fair living and that 
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very many never make a living, being dependent upon 
friends and relatives for many years. 

In 1907, Mr. Onward Bates in his Presidential Ad- 
dress before the American Society of Civil Engineers, 
presented a study of occupations of the active members 
of the society and showed that more than three-fourths 
of them were dependent upon salaries for compensation 
and less than one-fourth received fees as compensation. 
He neglected to take into consideration that every mem- 
ber of the society, in whatever grade, styles himself an 
“engineer” and therefore the study should have included 
Associate Members and Junior Members. The percen- 
tages would have been decidedly altered by such a study. 
Less than 10% of the men who style themselves engi- 
neers are in private practice. 

On the other hand, less than 10% of the young fel- 
lows who enter engineering schools understand that the 
engineer is a “hired man,” connected throughout his life 
with seasonal labor. A few secure positions where they 
may become permanent fixtures. A few meet with suc- 
cess. The percentage is perhaps about that of every 
business in the world. 

There is much to be regretted in the fact that con- 
ditions of pay and employment in engineering work are 
not better; but this is not the most serious trouble. That 
lies in the fact that the students entering engineering 
schools do not know as much about the possibilities of 
engineering and the probability of success, as do the 
freshmen in the law or medical or theological schools 
about the professions they have chosen. Highly colored 
advertisements of certain schools and the standing ad- 
vertisements of numerous corporations employing large 
numbers of very low-paid draftsmen, deceive parents 
and youths alike. Even many school teachers are de- 
ceived. The general impression in all quarters is that 
engineering is a remarkably high-paid vocation. 

Let the truth be known, and discussions of ethics will 
stop. Men who have been led to take up the study of en- 
gineering through a misunderstanding of the work will 
avoid it and the men who do go into the work will have 
a sincere liking for it and have less of the commercial 
spirit, which is really what interferes with a decent atti- 
tude of one competing engineer towards another. 

The writer is opposed to legislation restricting engi- 
neering practice. He has always been opposed to it; but 
at the present time he finds himself in the position of ad- 
vocating the passage of a license law for structural engi- 
neers in the state of Illinois. 

In 1897 the architects of the state had a license law 
passed to make a profession of architecture. All archi- 
tects then practicing in the state who had been in prac- 
tice for three years preceding the date of the passage 
of the act, were given licenses without examination. A 
few structural engineers of standing were also granted 
licenses in the seme manner. The law was passed osten- 
sibly to protect architects in their practice against ignor- 
ant contractors and builders and provide the publie with 
safe buildings, from a structural and sanitary standpoint. 

At first the examination papers were so marked that a 
number of engineers were able to pass; but lately, while 
the character of the examinations given has not altered, 
(and in all candor we must admit they are very fair), the 
methods of marking and the weights given to each sub- 
ject have changed so that it is well nigh impossible for 
engineers not accustomed to artistic architectural draft- 
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ing, to pass the examination. Thus the act has now be- 
come a law to protect the architects against the com- 
petition of engineers; and the work of the Board of 
Examining Architects, and the decisions of the legal 
advisers of the board, are against engineers; all this 
despite the fact that a modern building is more of an 
engineering than an architectural proposition. 

The writer is one who has felt severely the effects of 
the law and with others he has been attempting to come 
to some understanding with the architects so that own- 
ers desiring to erect certain classes of structures may 
exercise some option as to the employment of either an 
architect or a structural engineer for proposed new bvild- 
ings. The larger corporations employ in their office li- 
censed architects merely to comply with the law requiring 
the seal and signature of a licensed architect Some of 
these salaried architects are competent men, but some 
get low salaries an<! are employed merely as draftsmen, 
their ability as designers of the classes of structures their 
employers erect being markedly lacking. 

So in Iliinois we who must live are working to secure 
some legal rights for engineers as against architects; and 
a number who are on principle, opposed to any legal 
protection for engineers, find ourselves confronted by 
facts, not theories, which make legal protection become 
necessary. 

The matter was first agitated six years ago; but the ar- 
chitects are very clever men and nothing was done by 
the committees appointed by engineers. Four years ago 
the same thing happened and again two years ago the 
clever architects managed to switch the committee of 
engineers on to the preparation of an impossible dream, 
the codification of the building laws of the state. Such 
a measure would be fought pretty generally for it adds 
to the cost of building; and a building ordinance suit- 
able for Chicago cannot be enforced in a smaller place. 
This year the Legislature is once more in session and 
the engineers are talking and not doing. 

The architects act together. Of the men who eall 
themselves engineers, 90% are on salary, yet they per- 
sist in taking prominent part in discussions and some 
high-salaried corporation engineers are usually selected 
to head committees and find themselves unable to ap- 
preciate the situation of men in private practice. The 
older men among engineers are opposed to license laws 
as being in a sense degrading. The men who have archi- 
tects’ licenses are satisfied with things as they are. The 
men on salary who feel their positions secure are ex- 
ceedingly conservative. The men in private practice are 
in a woeful minority. This state of affairs explains 
the reason why little has been done in the past to secure 
recognition for the engineer as a professional man. It 
shows why a code of ethics will be difficult to adopt. 

I have said that 90% of engineers are on a salary. 
When one loses a position, he goes into private practice 
for a time pending the securing of another position. Few 
engineers in private practice went into it of their own 
accord but rather because they were laid off at a time 
when salaried positions were hard to secure. 

Ninety per cent., it is safe to say, of the men educated 
as engineers knew positively nothing of conditions of 
employment and pay in the business when they registered 
at college for an engineering course. Many come from 
the homes of dissatisfied clerks and mechanics who felt 
their own lives to have been failures and desired for 
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their sons something better. Such boys studied engi- 
neering under the impression that it was a high-paying 
vocation and their home affiliations being with the class 
that extols the labor union, we 


ment in the 


have now a strong move- 


ranks of younger men to organize labor 


unions among men employed upon engineering work. 


There is no real. profession of engineering, at least 
not one so widespread as many would have us believe. 
There are a number of men with good business minds 
educated as engineers and to them engineering is com- 
mercial and not professional. Because of their keen bust- 
ness intellects they are apt to be dominant men when codes 
of ethics are discussed and they are generally, because of 
the advertising thus obtained, to be found heading com- 
mittees and taking very prominent places in the coun- 
cils of engineers. Many of them consist of the misplaced 
laborers, mechanics and clerks who were led to study 
engineering through misleading statements that it Is an 
exceedingly remunerative occupation. 

In the opinion of the writer, reform can only come 
hy first teaching every high school boy and freshman 


Tests of Large Brick Piers 


Crushing tests of brick piers many times larger than 
any tested previously were made recently by the Bureau 
ef Standards on the new 5000-ton testing machine 
erected in the Pittsburgh laboratory of the bureau. Here- 
tofore it has been known, from a number of tests on 
small brick piers (12x12 or 12x16 in.), that the com- 
pressive strength of brickwork is much less than that of 
single brick. But how far this conclusion would apply to 
larger bodies of brickwork was not known, 1.e., Whether 
the larger piers would prove to be weaker, or stronger, 
The recent tests were 
made to give information on this question. 

When brickwork is subjected to compressive load, the 


or just as strong as small piers. 


bricks first break in bending instead of in direct com- 
pression, and the result is to form long, vertical cracks in 
the mass, passing through the end joints of one course 
and the breaks in the brick of the next course. In this 
condition the brick mass is little more than an aggrega- 
Further 
loading produces a result which might be expected: the 
pier bursts or spalls. This result, which previously has 


tion of slender vertical columns + in. square. 


been found for piers of small lateral dimensions, is now 
found also for large piers. 

The crushing strength of the large piers tested is sub- 
stantially the same as that of small piers (in pounds per 
square Inch), and the manner of failure is the same. 

The two piers tested were 48x48 in., by 12 ft. high. 
They were laid up directly on the table of the testing 
machine, and were tested at about one month 
ond pier laid up after the first one was tested). One pier 
was laid in 1:1 cement mortar, the other in 1:3 lime 
mortar. The former was tested for modulus of elasticity 
when 16 days old (the test being confined to moderate 
loading so that the strength of the pier would not be 
alfected) ; 15 days later, or at age 31 days, it was tested 
to failure. The lime-mortar pier was tested for modulus 
of elasticity and also to rupture at age of 25 days. 


(the see- 


The cement-mortar pier failed at a load corresponding 
to 2917 Ib. per sq.in.; an ordinary small-size pier of the 
same brick and the same mortar would be expected to 


show a strength of 3000 |b. per sq.in., in the Bureau’s 
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in an engineering school as much about the vocation of 
the engineer as the followers of other vocations know 
about their future life work when they enter upon the 
study of it. The young men who then go to school will 
The 


next thing to do is to eliminate from all committees hav- 


be well fitted to make a profession of the calling. 


ing to do with the public relations of engineers all men 
rh > : 

his will leave 
engineering ethics entirely to the private practitioners. 


employed on salary. tue discussion of 
Divide the men who call themselves engineers into two 
distinct Classes, commercial engineers who are on salary 
or are engaged In manufacturing or contracting ; and pro- 
Until 
a true definition of an engineer is obtained, nothing can 
be done to remedy matters even after eliminating the 
many nusplaced youths. More or fanciful defini- 
tions are given of engineers but what is wanted is a posi- 
tive definition of the kind of engineer who is in need of 


a good code of ethics. 


fessional engineers who are in private practice. 


less 


KeNest MCCULLOUGH. 
Chicago, Mar. 5, 1913. 


experience. This means that the strength of a large pier 
and a small pier is the same. 

The lime-mortar pier failed at 757 Ib. per sq.in. The 
same brick and mortar in a small-sized pier would be ex- 
pected to fail at 900 1b. per sq.in., in the Bureaw’s ex- 
perience, 

The three views herewith show stages of the testing. 
Fig. 1 is the cement-mortar pier as laid up on the table 
of the machine and under test for modulus of elasticity. 
Fig. 2 shows this pier after failure. 
lime-mortar pier after failure. 


Fig. 3 shows the 
The more extensive split- 


Fie. 1. Brick Pier Latp 1x Cement Mortar, 48x48 In. 
By 12 Fr. Test ror COMPRESSIBLLITY IN 5000-TON 
TresSTING MACHINE 
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Fic. 2. Brick LAID IN CEMENT Mortar 


The Two 48x48-1N. BY 12-F’ 


ting apart apparent in Fig. 3 indicates that the lime 
mortar had much less bonding action than the cement 
mortar. 

The moduli of elasticity of the two piers, at half the 
ultimate strength, were: Cement-mortar pier, 1,464,000 
lb. per sq.in.; lime-mortar pier, 75,000 to 100,000 1h. per 
sq.in. 

These tests were reported recently by J. E. Howard, 
Engineer-Physicist of the Bureau of Standards, ina 
paper before the National Brick Manufacturers’ Associa- 
tion. 

es 
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Licensing Engineers in New York 


The movement to require engineers to pass eXxamina- 
tions and receive licenses before practicing their profes- 
sion in New York State is again being pushed in the 
New York Legislature. Readers of ENGINEERING NEWS 
will recall that a similar movement in New York two 
vears ago was defeated in the Legislature through the 
efforts of prominent engineers who appeared before the 
committees in charge of the bill. 

The bill now pending in the Legislature was introduced 
by Mr. Larrimer and is No. 1126 on the Assembly files. 
It is in general similar to the McGrath bill, introduced 
two vears ago, and is understood, like it, to have been 
framed by and to have the backing of the Technical 
League of America. The Committee in charge of the bill 
will give a hearing upon it Apr. 1. 

The pending bill is by its terms limited to the prac- 
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Fig. 3. Briek Latp In Lime Mortar 


r. Brick Prers arrer Test 


tice of civil engineering. It defines civil engineering as 
follows: 

A person practices civil enginecring who holds himself out 
as able to do or undertakes to do work such asa civil engineer 
is called upon to do in the designing, construction and en- 
vineering inspection of public works, which require engineer- 
ing experience and the same technical knowledge as engi- 
neering schools prescribe for graduation. 

A brief summary of the provisions of the bill follows: 

After Aug. 1, 1917, no person shall practice civil eagi- 
neering as above defined in New York unless registered 
or licensed. The administration of the law ts placed 
under the Board of Regents of the University of the 
State of New York. That hody is to appoint a state 
hoard of engineering eXaminers, which = shall register 
those qualified and shall hold examinations for the issue 
of licenses. To be either registered or admitted to ex- 
amination, an engineer must pay a fee of $25. In order 
to take the examination, candidates must have graduated 
from an engineering course in an engineering schoo or 
correspondence school] approved hy the Regents. If a 
correspondenc -<chool certificate = offered, candidates 
must also have had at least three vears’ experience in en- 
gineering work. In place of training In an engineering 
school, five vears or more in practice may be accepted. 
The act provides means for revoking licenses of engi- 
neers who are guilty of any fraud or deceit. 

The following persons may receive licenses without ex- 


amination and for a S10 fee, by making applieatior 


IS 
IS 


therefor before Aug. 1, 1917: Anyone actually eng: 
for three years in the practice ot elvil engineering : any 
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graduate from a four-year course in a reputable engi- 
neering school; any person who shall have been engaged 
in supervising, Inspecting, designing or constructing pub- 
lic works of engineering character for three years or more. 
Engineer officers of the United States Army or Navy may 
practice their profession without license and = without 
fees. 

The bill is in the hands of the Assembly committee on 
‘public education, the members of which are Messrs. Me- 
Kee, of Richmond, Wilmott of Kings, Larrimer of Kings, 
McMahon of Bronx, Fitzgerald of Erie, Doty of Orange, 
Grimme of Rockland, Lewis of New York, Hammer of 
Broux, Schnirel of Ontario, Edwards of Broome, Webb 
of Putnam, Schaap of New York. 

The committee gave a hearing on the bill in the State 
Capitol on Mar. 17. A dozen or more engineers resident 
in Albany, Troy and vicinity were present and opposed 
the bill on the ground that the engineering profession 
did not need or want such legislation. Mr. Eliot, rep- 
resenting the Technical League, spoke in favor of the bill 
and urged in its favor that many eminent engineers who 
last year opposed the bill were not present this year to 
oppose it because the bill had been redrawn to meet the 
objections then made. In reply it was said by those op- 
posed that the engineering profession throughout the 
state had generally no knowledge that such a bill was 
pending. 

It is stated, however, that the comm*ttee seemed to be 
prejudiced in favor of the bill. Engineers desirous of ex- 
pressing their sentiments on the pending legislation can 
address letters to any member of the committee, or merely 
to the Assembly Committee on Public Education, Room 
236, State Capitol, Albany, N. Y. 
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Annual Convention 


} of the American 
Railway Engineering Association 


The 14th annual convention was held at the Cong 
Hotel, Chicago, Mar. 18 to 20, and there was the usual 
display of sustained interest in the proceedings which is 
characteristic of the meetings of this society. There was 
also a commendable promptitude in the attendance at the 
hours set for the meetings which is unfortunately a rare 
experience at conventions of this sort. 

The address of the President, Mr. Churchill (N. & W. 
R.R.) reviewed some of the work and objects of the asso- 
ciation, calling attention specially to its investigations 
regarding concrete and rails. The reports of the secre- 
tary and the treasurer showed a membership of 1066, 
and a balance of $10,745. The officers for 1913 are as 
follows: President, Edwin F. Wendt, Assistant Engi- 
neer, Pittsburgh & Lake Erie R.R.; Vice-Presidents, W. 
B. Storey, Jr., Vice-President, A., T. & 8S. F. 
tem, and Robert Trimble, Chief Engineer of Mainte- 
nance of Way, Pennsylvania Lines (Northwest system) ; 
Treasurer, George H. Bremner, Engineer of Illinois Dis- 
trict, C., B. & Q. R.R.; Secretary, E. H. Fritch, 900 
South Michigan Ave., Chicago. 

The 21 committees all had reports and all of these 
were presented at the meeting. They had been published 
in advance, and no time was wasted by reading reports in 
full. The chairman of each committee presented an out- 
line of the report, and all conclusions were read, so that 
they might be discussed before being adopted. In this 


ty. Sys- 
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way the great majority of the time was occupied in active 
discussion of important matters. 

The proceedings were disposed of in five long sessions, 
The annual reception was held the first evening, and was 
followed by an illustrated talk on the Panama Canal by 
Mr. MeNab (Grand Trunk Ry.). The annual dinner 
was held the second evening, and on the third evening 
Prof W. Kk. Hatt (Purdue University) gave an illus- 
trated talk on tests of raiis rerolled into reinforcing bars 
for concrete. 

In connection with the convention there was the an- 
nual exhibit of railway machinery and appliances, filling 
both the Coliseum and the adjacent Armory building. 
In order that this extensive and costly exhibit might 
receive a proper show of attention, the meeting was 
scheduled for four days, the last day being assigned en- 
tirely to visits to the exhibition. Referring again to the 
reports, we may note that most of ‘them were compara- 
tively short, and all were of a practical and definite 
character, dealing with certain assigned subjects. Three 
were of special importance in that they dealt with mat- 
ters of a special character, vitally related to the eco- 
nomics of railway operation: (1) The report on eco- 
nomics of railway location discussed questions of grades 
and curvature in relation to train tonnage and opera- 
tion; (2) the report on rails presented the results of ex- 
haustive and valuable investigations as to rail manu- 
facture and design; (3) the report on yards and ter- 
minals presented graphic systems for analyzing the train 
movements at passenger terminals and the train capacity 
of such terminals. We give below an outline of each of 
the reports, and abstracts of some of the reports will be 
published later. 


ROADWAY 


VENTILATION OF SuBwAY TuNNELS—This report pre- 
sented a lengthy review of the principles of ventilation 
and the methods employed in ventilating numerous sub- 
way or rapid-transit tunnels in this country and abroad. 
The methods may be classed as follows: (1) Exhausting 
air at various points by fans; (2) forcing a current of 
air the whole length of the line by fans; (3) so called 
natural ventilation, by means of openings or “blow- 
holes”; (4) the piston action of trains. Although many 
subways are now provided with some system of venti- 
lation by fans, by far the greater number still depend 
upon air currents set up without special mechanical aid. 

RoapBeD PrEssuRES—The report advocated the ap- 
pointment of a special committee (representing the road- 
way, ballast and track committees) to make experiments 
on the loads transmitted through the ballast and on the 
bearing power of roadbed materials. The experiments 
would necessitate considerable expenditure of time and 
money. The committee stated that the large number 
of rail failures, together with the constant increase in 
locomotive axle loads and the undoubted advent of the 
100-ton car, make it imperative that some systematic 
study should be made of the roadbed as the foundation 


for the track. This report was accepted without dis- 
cussion. 


BALLAST 


The report recommended that as to physical tests, stone 
for ballast should be high in weight, hardness, toughness 
and compressive strength, and low in water absorp- 
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tion, wear and cementing qualities. An investigation 
made by the Pennsylvania R.R. shows that the total cost 
of ballasting with stone is $7911, $5708 and $5264 per 
mile for %4-in., 14%-in. and 2%-in. stone respectively, 
while the cost of maintenance for four years is about 
$94.66, $84.94 and $82.13 per mile respectively. The 
report also discussed the methods of testing the quality 
of gravel for ballast, showing the results obtained from 
various gravels on different railways. An appendix de- 
scribed the method of cleaning stone ballast by the use of 
screens on the Baltimore & Ohio R.R. In line with the 
suggestion of the Roadway Committee (noted above), 
this committee presented an outline of a proposed test 
to determine the proper depth of ballast of different 
kinds to insure uniform distribution of loads upon the 
roadway; the cost is estimated at $3000 for three tests. 
The report was accepted without discussion. 


TIES 


In the report of 1912, the committee reported that it 
is not feasible to lay down fixed rules for the size and 
spacing of ties in relation to density of traffic, but this 
matter was then referred back to the committee with in- 
structions to consider it from the point of view of the 
stresses to which the ties are subjected. The committee 
how reiterates its position as to the impracticability of 
the idea, due to the numerous factors (and the varying 
and indeterminate qualities of these factors) which af- 
feet The report contained also. a 
letailed review of the various forms of steel tie-plates 
employed on various railways, and a continuation of 
the annual information relating to steel and concrete 
ties actually in use on steam and electric railways. The 
committee has not yet any definite information as to the 
relative effect of different designs of spikes and ties on 
the life of ties, but it is thought that experiments now 
being made will throw some light on the subject. The 
report was accepted without discussion. 


the stresses in ties. 


RAILS 


This is one of the most important committees and it 
has done some very notable and original work in investi- 
gations of rail section and rail manufacture, besides pre- 
paring standard rail specifications which are now exten- 
sively used by the railways. The report this year was 
vriet, but was accompanied by a number of appendices 
(nearly 400 pages) covering the committee’s special in- 
vestigation work, and its detailed statistics of rail fail- 
ures. The principal feature of the report proper was in 
regard to rail sections. It stated that while some changes 
have been suggested, it is not yet time to consider them, 
as the A. R. A. sections, which are being used by a num- 
ber of roads with good results, have been in service only 
two-or three years. It is considered probable, however, 
that it may be found advisable to add a little metal to 
the upper and lower fillets. 

The committee submitted also some changes in the 
wording of the specifications for carbon-steel rails 
(already adopted), and notes on the special investiga- 
tions which have been ¢arried on by Mr. Wickhorst, Engi- 
neer of Tests for the committee. As an indication of the 
importance of this work it may be noted that in the past 
three years the American Railway Association has ap- 
propriated $31,000 towards the expense. The report, be- 
ing in the nature of a report of progress, was adopted 
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without discussion, the proposed changes in the specifica- 
tions being adopted also. 
TRACK 

The most important matter taken up by this com- 
mittee is that of economics in track labor, this being the 
commencement of an exhaustive study of an important 
matter that has been largely neglected. The committee’s 
work so far has been an investigation of the methods of 
educating and securing section foremen. The report pre- 
sented also plans for main-line turnouts, a revised table 
of functions of the ten-chord spiral, and specifications for 
such track material as tie-plates, bolts, common spikes, 
screw spikes, spring nut-locks and anti-creepers. The 
specifications were discussed by paragraphs, and were 
adopted, with a few amendments. The turnout plans 
were adopted also. In view of recent disputes as to the 
proper design of crossovers in high-speed main tracks, Mr. 
Lindsay (N. Y. Central R.R.) suggested that the com- 
mittee should take up the question of such crossovers, 
especially in regard to the curve at the switch angle, with 
switch rails of different lengths. In regard to the com- 
mittee’s investigation of the question of economics in 
track labor, Mr. Wendt (P. & L. E. R.R.) pointed oui 
that wages increasing proportion of the 
gross earnings, while the proportion represented by in- 
terest and the He thought 
the consideration of economic questions one of the im- 
portant developments in the work of the association. 


represent an 


dividends is on decrease. 


BUILDINGS 


The report consisted mainly of a revision of former 
detailed information in regard to various roof coverings. 
There was also some information in regard to freight- 
house floors. While hard maple is generally preferable, 
beech and birch are sometimes used, and there is a good 
field for the introduction of gum (especially tupelo). 
This last is somewhat softer than maple, but it wears 
evenly and does not splinter much more than the former : 
there is a large supply of this timber in the South, and its 
use for floors is recommended. 

The floor planks should be laid diagonally, except that 
if there is a pronounced amount of trucking in one di- 
rection they may be laid parallel to this direction, but 
if the traffic is heavy, a runway of steel plates may be 
built. Conerete has been used successfully where the 
wear is not too severe, and a concrete subfloor protected 
by a layer of asphalt will give good results, while asphalt 
blocks seem to have some advantages. The report was 
accepted without discussion. 


WoopEN BridGEes AND TRESTLES 

3RIDGE FLoors—Two important subjects are covered 
in this report: (1) Guard rails and guard timbers on 
bridge floors; (2) fire protection on bridge floors. In 
both cases, the matter consisted mainly of statements of 
practice on a number of individual railways, but as to the 
former, the following conclusions were adopted: (1) It is 
good practice to use outside guard timbers on open-floor 
bridges, the timbers being so constructed as to space the 
ties and hold them in place; (2) the guard timber and 
inner guard rail (when used) should be so spaced with 
reference to the track rail that a derailed truck 
strike the inner guard rail before striking the timber: 
(4) the top of the guard rail should not be higher than 


will 
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and not more than 


l in. below that of the track 
\pparently ho ron 


Is extend the 
the bridge (with the hotable 


rail. 
Outside timbers beyond 
exception of the N. 2: 


wv W. Rv.), this tumber being considered as a tie spacer 
OHIY abd the pray r Suard rail bene relied Oh to hold de- 
railed trucks, Very few roads use rerailing devices, al- 
though these fey Include some important roads. = For 


fire Protection of floors On wooden bridges a 


Covering of 
s 1} : } 
Malast or sheet metal is used, and sometimes both. 

The discussion related particularly to the inside cuard, 
and a recommendation in regard to the use and con- 


struction of 
tee, 


such rails was referred back to the commi§t- 


This discussion showed a rather surprising 
rather to 
use. This was partly 


amount 


of object lon Lo 


guard rails. or 


a requirement 
for their general 


Ol) the SCOT ot 
doubtful efficiency, although we 


elliciency amply proved by 


should 
experience : 


0 be the cost of 


their 
but the principal 
equipping all bridges 
The argument was made 
that they might as wel] be required on high embankments 
at bridge openings, but on the other hand it 
Was shown that the leneth is not a factor, 
portant consideration being the 


consider 


objection seemed I 
with these protective devices, 


as 


short 


the more im- 
location of the structure. 


Masonry 


This committee presented only a brief report of 
an appendix on the 
the corrosion of reinforcing metal. 
Prevent disintegration by the 


prog- 
ress, accompanied by disintegration 
To 


effects of sea Water or water 


of concrete and 


contaiming acids or alkalies, the concrete should be dense 
and impermeable. of good materia] 


and workmanship, 


and allowed to exposed to the ac- 


harden before being 


tion of the water. The use Of special preparations is 
not considered hecessary In good concrete. The report 
Was accepted without discussion, 


SIGNS, FENcEs AND CROSSINGS 


The report presented a large amount of information 


i metal and concrete, 
mitted the conclusion that 


as to fence posts of woo. and sub- 


“concrete posts are practi- 
wood.” [It 


as to securing 


cal, economical and a suitable substitute for 
presented also some further 
fence wire that will resist 
bility, but it 


information 


corrosion and have good dura- 


that this investigation be dis- 


al 


recommended 
continued for the pre 
to 


‘sent, as certain experiments relative 
It have been abandoned 


The third subject ( 


f the report was the construction 
this recommended 
ties and a ballast 
1. thick, this to be laid and rammed in 3-in. 
n the discussion some 


of track in and 
1+41-lb. 


bed Sto 12 i; 


across paved streets: 


S-1n, grooved rails on treated 


lavers. I changes were made to 


concrete fence posts and 
As to the latter, 
reneral opinion that the 


the specifications for to those 
for street CTOSSINgs, there was a rather 


foundation was not sufficiently 
substantial, and that a heavier ballast bed or even a con- 
crete base beneath the ballast might be hecessary. Mr. 


Campbell (EL PL & S. W. RR. 
a concrete hed a 
in) 


) said that he had found 
freat Improvement in keeping the track 
and mentioned Cases where this is 
by the city authorities, 


surface required 


SIGNALS AND INTERLOCKING 


This committee submitted a system of fundamental sig- 


nal indications and aspects, 


and means of designating 
operated 


stop automatic 


signals under block system 
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rules. The committee hag considered 


also the effect of 
treated-wood. ties and 


metal ties on track Its 
(1) Each metal tie must be effectively 
insulated from. tie rail; (2) the effect of creosoted 


with alternating current i: 


clrcuits. 


report states: 


ties 
Is not serious and 
(3) the ellect of 


to these last ties 


negligible ; 
serious.* Ag 
it appears that when they are used ex- 
track circuits a mile in length are rendered in- 
circuits 2000 ft. 
successfully even with 
While the subject 
been under 


zInc-treated ties is more 


lensively 


operative, but that long 


may be operated 
treated ties. 
and aspects has 
Years, this is the first 


DO% or more of 
of signal indications 
consideration for 


time that the committee h; 


some 
is been able to agree upon any 
In Presenting the report, Mr. Rudd (Penn- 
sVlvania R.R.) stated that these Inatters, as given in the 
report, have been adopted by the Railway Signal As- 
sOClation by a vote of 574 to 10. It was voted to adopt 
them and to refer them to the American Railway Associa- 
tion. The matter relating 
as information. 


One system. 


to track circuits was accepted 


Records Aanxp Accounts 
This report showed the necessity of cooperation of dif- 
ferent departments of railway service, Tf pointed out 
that the accounting as much interested as 
department in 
istribution sheets, 


department is 
the maintenance-of-way 
for time books, d 
penditures, ete 


the proper forms 
authorizations of ex- 
forms ave the 
Therefore, this 


«> as these 


basis of the 
association should 
t the Railway Accounting Officers? 
development of a set of such forms. 
In the study of the economical] Management of store sup- 
plies the committee is already 
the Railway Storekeepers’ 
also submitted a 
Way and track” jn 
Classification of 
In order 


accounting system. 
seek the cooperation ( 
Association in the 


acting in codperation with 
Association. The committee 
subdivision of the account for “road: 
the Interstate Commerce Commission 
operating expenses, 
to analyze the expenses 
in labor costs. 


maintenance ; ( 


This is desirable 
and secure uniformity 
is as follows: (1) Track 
2) applying track materials ; 
Weeds and general clearing; (4) ditching 
ening: (5) 


The subdivision 


(3) cutting 
and bank wid- 
changing alignment and grades; (6) flood 
damage; (7) bank protection; (8) filling bridges; (9) 
other care of roadway and track (trackwalking, watch- 


ing, ete.). The report was accepted Without discussion, 


RULES ANnp ORGANIZATION 


This committee submitted 


a number of rules or instrue- 
tions for 


employees, these being of a 
aracter than the general rules Which they 
They relate to such matters 
curves, superelevation and e 
switches, frog-guard 


maintenance-of-way 
more specific ¢h 
supplement. 


as gage on 
asement at ends of curves, 
rails, ete.; also rules for protect- 
rack and for the use of hand 
maintenance work. 

occupied the Zreater 
sion, indicating that rules of this 
Importance in relation to 
mittee’s rule as to | 


Ing unsafe and obstructed t 
Or motor cars in 


The discussion part of one 


sort are considered of 
maintenance work. 

rotecting traek obstructed 
P signals to be displayed * 
*0 telegraph poles” from the point of obstruction, but 
this was changed to read “in accordance with rule 99 of 
the American Railway Association” 
that in automatic block-signal 


Ses- 


The com- 
by repair 


work required sto not less than 


and it was suggested 
territory the foreman 


*See “Engineering News,” 


Feb. 6, 


1913, 
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should see that the signals governing the section to be 
obstructed are in the “stop” position, so that trains will 
enter the section under control. A new rule was adopted 
calling attention to the importance of the uniformity 
of gage, but the rule for widening gage on curves was 
adopted without dispute. This provides for a widening 
of 1y-in. for each 2° over 8°, with a maximum widening 
of 34-in. and a maximum gage (including wear) of 4 ft. 
914 in. At frogs on the inside of curves (which should 
be avoided where possible) the gage should be standard. 
Mr. Wendt (P. & L. KE. RR.) suggested that the commit- 
tee should now undertake the study of the principles of 
organization of the maintenance-of-way department, 
which is an important subject needing more attention 
than has hitherto been given to it. 
WATER 
Drrp-WetL Pumps—The report proper dealt with 
deep-well pumping apparatus, including reciprocating or 
plunger pumps, vertical-shaft centrifugal and propeller 
pumps, air-lifts In this 
last system, the air acts as a piston upon the surface of 
the water in a discharge chamber, depressing it and 
forcing it out through a pipe. It is shown that each has 
its field, but that the first named type is not adapted 
for operating scattered wells unless electric power is avail- 
able; the efficiency may be increased by using double- 
acting and non-pulsating pumps. The vertical-shaft 
pumps are particularly adapted for handling water 
which contains a considerable amount of sand; the prac- 
tical length of shaft does not usually exceed 200 ft. ‘The 
air-lift is of low efficiency, but it can raise a larger 
amount of water from a small hole than any other form 
of apparatus; it can operate wells having sandy water. 
or those which are too small or too crooked for any other 
method. The air-lift, however, will not convey water inor- 
izontally, so that if the wells are at any distance from 
the tank a second pump is necessary, but this objection 
does not apply to the air-displacement pump. The report 
was supplemented by a paper on “Track Tanks” by G. W. 
Vaughan, N. Y. Central RR. It was submitted as infor- 
mation, no conclusions being presented, and was accepted 
without discussion. 


SERVICE 


and air-displacement pumps. 


YARDS AND TERMINALS 
Capacity OF Passenger TERMINALS— 
This report was of exceptional interest in dealing with 
the novel and important subject of the analysis of the 
operating capacity of passenger terminals. 


OPERATING 


This analysis 
is made by the aid of diagrams or charts showing the 
train movements throughout the day, and showing at 
what times each platform track and approach track is 
occupied and clear, thus facilitating a study of changes 
for increasing the capacity. One of these chart sysiems 
has been worked out on the Belgian State Railways, and 
another on the Pennsylvania R.R., while the committee 
submitted a modified system. Sketch plans of terminals 
were given, with information as to the traffie and the 
facilities for handling passengers, baggage, express and 
mail. Another important subject included in the report 
was that of the mechanical handling of freight, this being 
supplementary to former reports. It included the tel- 
ferage system, electric trucks, overhead traveling cranes 
with revolving horizontal booms under the trolleys, ele- 
vating and stacking and freight-handling 
equipment for docks and steamship terminals. 


COnVeVOTS, 
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The committee’s recommendation as to limiting the 
curvature through switches on the approach or ‘throat 
tracks that of a No. 8 
switch on tangent brought some protest from engineers 
who are using No. 6 and No. 7 slip switches, but on the 
other hand some thought the principle desirable, although 
it may not be possible to follow it in every Case. One 
road has found it to call the attention of 1 
moti ve-power department to the derailment of engines on 


of a passenger station to slip 


hecessary Its 
No. 7 turnouts which they were supposed to pass safely. 
This led to certain changes in the engines. 
and 


Kor storage 
curvature of 6 
recommended, to avoid trouble in coupling cars. 

the 


loading tracks a minimum 


Was 
In two 
committee recommended 


cases certain features as 
being “safe” but this word was eliminated, as it implied 
that any departure from the recommendation might be 
unsafe. In fact the suggestion was plainly made that 
there is too much talk of “safety first,” since railways 
are built to handle business, and safety is only one of 
many factors in their efficient and economical operation. 
The report included some additional information in. re- 
gard to hump or gravity switching yards, and its recom- 
mendations as to such yards were approved. 


[koN AND STEEL STRUCTURES 


INsPECTION—The committee submitted rules for the 
instruction of inspectors in mill, shop and field; while a 
minority report suggested that railways coéperate in es- 
tablishing an inspection organization which would repre- 
sent the railways in general. The idea was that this 
would be more satisfactory than to have the work done 
by individual railways or by private inspection bureaus, 
and it was suggested also that the rules submitted in 
the majority report would not apply to bureau inspection, 
which represents more tonnage than railway inspection. 
A progress report was made in regard to tests of built-up 
The rules 
were read and discussed and were adopted with some few 
amendments. Mr. (N. Y. Central &.R.) 
thought should instructions as to care im 
loading, 


columns, which tests are to be made this vear. 


Lindsay 
they include 
unloading and storing the material, and as to 
looking for and rectifying members damaged in unload 
ing or erecting. No reference was made to the minority 
report or to the relative merits of Inspection by railwa\ 


engineering departments and by private bureaus. 


EcoNnoMics or RatLway Location 


This was probably the most important of all the re- 
ports, dealing with matters which vitally affect the effi- 
ciency and economy of operation. One subject dealt with 
was the analysis of maintenance-of-way accounts in the 
general operating accounts. It was pointed out that while 
the majority of problems relative to this subject deal with 
main tracks, occasional problems introduce the consider- 
ation of side tracks, and it is therefore necessary to sepa- 
the 
side-track 


certain of 
and 


rate operating for 


— 
The 


analvsis of these accounts, with a formula for determin- 


accounts main-track 


cost cost, 


committee presented an 
ing the annual charge per mile of main track for any 
which embraces both main and side tracks. The 
report discussed also the relative damage to track by the 
locomotive and its train: figures from about 


account 


D0 railway 
showed that the passenger locomotive does as much dam- 
age as the cars of its train, while the freight locomotive 
does about one-third as much damage as its cars. One 
of the conclusions presented was to the effect that one 
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ton of passenger train does more damage to track than 
one ton of freight train, and that the locomotive creates 
more disturbance than an equal weight of cars and con- 
tents. These conclusions were referred back to the com- 
mittee, as they were admittedly only estimated and ob- 
jection was made that as the increased damage due to 
passenger trains is on account of their speea, the run- 
ning of high-speed freight trains would tend to lessen the 
«lifference. 

Appended to the report was a paper on an extensive 
series of dynamometer tests made by the B. & O. RR., 
and their relation to tonnage rating and train resistance. 
The committee submitted a scheme of varying grade com- 
meet different conditions. 
Also a statement that there is no absolute value for train 


pensation for curvature to 
resistance, and that for practical purposes freight-train 
resistance can be 


m.p.h. 


considered constant between 7 and 35 
These were adopted, but some of the conclusions 
relating to formulas for tonnage rating were referred 
hack to the committee for further consideration. 

The discussion on this report occupied nearly an entire 
Mr. Sullivan (Can. Pac. Ry.) pointed out the 


value of the committee’s work in analyzing operating 


SESSION. 


conditions and costs In relation to physical conditions, 
and he considered that there should be greater codpera- 
tion between the engineering and operating departments 
in order to secure higher efficiency ot operation. Mr. 
Tratman (ENGINEERING News) thought the great im- 
portance of the report was in showing the advantages and 
actual economies which may be effected by introducing 
scientific refinements in location and maintenance. These 
are limited somewhat by the effects of weather, traffic 
and track labor in disturbing the actual grades, and he 
suggested that while the varying scale of compensation 
recommended by the committee is valuable as an ideal to 
be aimed at, it may be questioned whether these actual 
compensated grades would remain undisturbed for any 
long period of time under present conditions of track, 
traffic and maintenance work. 


Woop 


The committee reported that the use of water-gas creo- 


PRESERVATION 


sote is limited but increasing, and that there is a grow- 
ing sentiment in favor of mixing this with coal-tar creo- 
sote. The principal objection to the former seems to have 
been its unauthorized use as an adulterant of the latter, 
but its use is now increasing in legitimate or authorized 
mixtures. The report was accepted without discussion. 
ELECTRICITY 

ELEcTROLYSIs—The principal part of the report of 
this committee dealt with the conditions of electrolysis 
and the means for its prevention. It included reference 
to investigations made and measures adopted for the 
Brooklyn Bridge, the Brooklyn and Chicago street rail- 
ways, the Grand Central and the Pennsylvania terminals 
in New York, the Bergen tunnels of the D., L. & W. R.R. 
and Erie R. R., and the Baltimore terminal of the B. & 
O. RR. This report was accompanied by an extensive 
bibliography. It was accepted as information, without 
discussion, after a brief explanation.of its purport by the 
chairman of the committee, Mr. Kittredge (N. Y. Cen- 
tral RLR.). 


CONSERVATION OF NATURAL RESOURCES 
The main feature of this report was its presentation 


of the work being done by the Canadian authorities for 
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the protection and conservation and proper utilization of 
the timber, coal, peat, natural gas and oil resources. — It 
is thought that large quantities of petroleum may be dis- 
covered in Alberta, which would be of great importance 
for the oil-burning locomotives on the coast lines of the 
Canadian Pacific Ry. and the Canadian oil-burning coast- 
ing steamers, all of which now use California oil. A 
rather surprising reactionary opinion in opposition to 
the modern principle of conservation was voiced by Mr. 
Downs (Ill. Cen. R.R.), but was answered very emphati- 
cally by Prof. Williams (Cornell College, Iowa), and 
others who showed the reckless waste and destruction of 
natural resources (instancing the increasing consumption 
and decreasing production of oil), and the responsibility 
of the railways in various directions. It was suggested 
that engineers and engineering associations certainly 
should lend their aid to a movement for the protection 
and proper use of the natural resources. This view was 
held almost unanimously, and the*report was accepted 
and approved by a large vote. 


UNirorRM GENERAL ConTract Forms 

This special committee presented the completed form 
of its construction contract, and asked to be discharged 
as it has now finished its work. The draft form has 
been submitted to all railways represented in the Associ- 
ation; of 70 replies, 35 approved it, 25 made some criti- 
cisms (generally as to wording or minor matters), 6 
preferred their own forms, 3 did not criticize, and only 
one thought it impracticable to draw a uniform contract 
form. The contract was read in full and adopted, with 
a few amendments. It contains the usual clause giving 
to the engineer the power of deciding all questions and 
controversies which may arise between the company and 
the contractor, and this led to some discussion. As to 
the method of settling such disputes by arbitration, as 
has been suggested recently, Mr. McDonald (N., C. & 
St. L. R.A.) thought they could be settled in court 
quicker and at no greater expense. It was explained. 
however, that the eommittee was of opinion that the en- 
gineer should have this power while the work is under 
construction, but of course any case can be submitted to 
arbitration or to court action afterwards. 


GRADING OF LUMBER 


One of the objects of this committee has been to se- 
cure the adoption of the rules drawn up jointly by the 
committee and the lumber associations. It reported that 
the Am. Ry. Eng. Association’s rules for maintenance-of- 
way lumber for yellow pine, hardwoods and Douglas fir 
have been adopted by the respective lumber associations, 
but that those for white pine have not been accepted. It 
presented grading rules for cypress. The report was ac- 
cepted without discussion. 

+2 
ee 

A Derailed Milk Train on the New York Central & Hudson 
River R.R., near Spuyten Duyvil, some eight miles north of 
the Grand Central Station, tied up all traffic on the main line 
of the railway to and from the Grand Central Terminal on 
Mar. 14. The accident occurred about 8 p.m., when a south- 
bound milk train, approaching the city at a 20-mile rate, 
derailed and the cars piled up across all four tracks. 
Although composed chiefly of milk cars the train is reported 
to have had a steel coal car near the middle, the hopper of 
which is supposed to have come loose and caught on the third 
rail, which carries the current for the eleetric locomotives. 
The third rail was torn up for some 500 ft., which necessi- 
tated the electric power being shut off for a considerable 
time. It was nearly two hours before the tracks were suffi- 
ciently cleared to permit a resumption of traffic. 


was 
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The Commission Plan of City Government will be voted 
on in Jersey City, N. J., on Apr. 15. 


An Explosion of Nitroglycerin destroyed one of the fac- 
tories of the Burton Powder Co., at New 
Mar. 17. The explosion was caused by fire 
employed at the works had time to escape 
plosion occurred. 


Castle, Penn., on 
and the 50 men 
before the ex- 


A Rear Collision between two freight trains on the Union 


Pacific R.R., near Hearndon, Neb., on Mar. 14, caused the 
deaths of five trainmen. <A blizzard was raging throughout 
the state at the time. 


Another German Zeppelin Dirigible 
by a windstorm on Mar. 20. The airship was known as “Sub- 
stitute Z 1.” After beating against a 50-mile gale for an 
hour and a half the crew succeeded in making a tanding in 
safety near Karlsruhe. A second violent burst of wind caught 
the balloon at anchor and entirely demolished it. 


Balloon was wrecked 


A Gas Explosion at the canning factory of the Western 
Canada Cold Storage & Packing Plant, Medicine Hat, Alta., 
caused the deaths of five employees and serious injuries to a 


score or so more. The explosion is reported to have been 
caused by a small fire, which started while plumbers were 
repairing a leaky gas main. The building, a three-story 


structure, was entirely destroyed. 


A Rear Collision between 
Union Pacific R.R., near Gothenberg, Neb., on Mar. 14, caused 
the deaths of four passengers and serious injuries to about 
30 more. The accident occurred about 4 o'clock in the morn- 
ing, during a blinding snowstorm. Train No. 4, known as the 
Atlantic Express, was reported to have been at rest, when 
train No. 12, known as the Colorado Special, crashed into 
the rear car, a Pullman sleeping car. This car and a coach 
ahead were partly demolished, and all the dead and most 
of the injured were in the sleeping car. 


two fast express trains on the 


Severe Windstorms all through the Middle West between 
Mar. 20 and 22 caused widespread damage and a loss of life 


reported as nearly 100. The storm extended from Texas, 
through the Mississippi Valley, Alabama, Illinois, Ohio and 
western New York State. At Chicago, telegraph and tele- 
phone connection with outside cities was interrupted for 
several hours. Here the wind was accompanied by snow, 
sleet and rain, causing much damage to shipping. At De- 
troit, Mich., the wind is reported to have reached a velocity 


of 86 miles per hour, the highest ever attained in that city. 
In Indiane the damage done by the storm is estimated at 
$1,000,000. 


A Severe Tornado, accompanying a cyclonic storm, swept 
across Nebraska and Iowa on Mar. 24. The greatest damage 
was done at Omaha, where telegraphic dispatches as we go 
to press report a death list of 152 and property damage esti- 
mated at $5,000,000. At Yutan, Neb., 16 persons were killed, 
at Council Bluffs, Iowa, 12 persons, at Terre Haute, Ind., 18 
persons were killed and 250 injured. Other cities suffered less 
severely. The total number of lives lost is estimated in press 
dispatches at 230. Next to Omaha, the city of Terre Haute 
is believed to have suffered the most. The property loss here 
is estimated at $1,069.000. 

The cyclonic storm extended from Modena, Utah, through 


Denver, Colo., Cmaha, Neb., Milwaukee, Wis., across Lake 
Michigan to Sault Ste. Marie and through the Province of 
Quebec. This was the second severe storm in the Middle 


West within a week. 


High Floods throughout Ohio and Indiana caused the loss 
of many lives in Dayton, Ohio, Peru, Ind., Delaware, Ohio, and 


many other cities and towns on Mar. 25. Many dams and 
bridges were destroyed and railway service in the flooded 
district has been practically adandoned. 

The Mississippi River Levee Association has just been 


organized in Tennessee to disseminate information as to the 
practicability and feasability of the plans for levee construc- 
ton and flood prevention in the Mississippi River Valley 
recommended by the Mississippi River Commission. Ae Ss. 
Caldwell, a banker of Memphis, is president of the association, 
and Mr. John A. Fox is secretary-manager, with offices in the 
Scimitar Building. 


Dock Construction in New York City, at an expense of 
$15,000,000, including outlays for land purchases and dam- 
ages, was decided upon at a meeting of city cfficials on Mar. 
17. Of the total amount it jis stated that about $5,000,006 will 
be spent on a 1200-ft. pier and an adjacent half pier located 
at West 44th St. and the North River. There will also be two 
$00-ft piers near Desbrosses St., where the pier-head line is to 
be straightened; and a considerable amount of work will be 
done in Brooklyn. 
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Songeansonneneescenvorvernyt 


Dr. Willis L. 
Bureau, 
Mr. Ernest Brown, an 
appointed Deputy 
of Saskatchewan, 


Moore, Chief of 
has announced that he 


the 
will 


United States 
resign July 31. 


Weather 


architect of 
Minister of Public 
Canada. 


Regina, 
Works of 


Sask., 


the 


has been 


Province 


Mr. Alexander Dow, M. Am. Soc. M. E., General Manager of 
the Detroit (Mich.) Edison Co., has been elected President 
of the company and also of the Peninsula Electric Light Co. 

Mr. H. W. of the 
Michigan has 
resident 


Fenno, 
Southern 


tesident 
Ry., at 
Engineer at 


Engineer 
Erie, 


Lake Shore & 


Penn., been appointed 


Chicago, Ill., succeeding the late J. W. 

Crissey. 
Mr. Marcus A. Dow has been appointed General Safety 
Agent of the New York Central & Hudson River R.R., with 
headquarters in New York ‘ity, succeeding Mr. George 


Bradshaw, resigned. 


Mr. De Witt V. Moore, formerly associated with the W. Cc. 
Hialstead Co., Contractors, of 
an office in the Merchants Bank 
sulting engineer and architect. 


Indianapolis, 
Bldg., 


Ind., has opened 


Indianapolis, as a con- 


Capt. Julian L. Schley, Corps of Engineers, U. S. A., Assist- 
ant to the Engineer Commissioner of the District of Columbia, 
has been appointed Executive Officer of the new Public Utili- 
ties Commission of the district. 

Mr. F. H. Fowler, Assce. M. 
Hydro-electric J 


Engineer, U. S. 
Calif., has been promoted to be 


Am. Soc. C. E., 
Forest Service, 
District 


formerly 
Francisco, 
Engineer, succeeding 


San 


Mr. Walter L. Thurber, resigned. 
Mr. E. B. Dailey, Assistant Mechanical Engineer of the 
Union Pacific R.R., at Omaha, Neb., has been appointed As- 


sistant to the Director of Purchases of the 
Co., with headquarters in New York City. 
Mr. Charles J. McGonigle, M. Am. Soc. C. E., formerly 
tracting Manager of the Portland, Ore., office of Milliken Bros., 
Inc., has opened an office in the Chamber of Commerce Bldze., 
Portland, as a consulting structural 
Mr. Charles Forrester has appointed Superintendent 
of the Grand Trunk Ry., with headquarters at Stratford, Ont. 
Mr. Forrester began his railway work as a telegraph operator, 


Southern Pacifie 


Con- 


engineer. 
been 


and until recently was Trainmaster at Stratford. 

Mr. John G. Greiner, formerly General Foreman of the 
shops of the Cincinnati, Hamilton & Dayton R.R., at Lima, 
Ohio, has been appointed Master Mechanic of the San Pedro. 


Los Angeles & Salt Lake R.R.., 
City, Utah. 


with headquarters in Salt Lake 


Mr. Almon L. Fales has resigned as Superintending Chem- 
ist of the Worcester, Mass., sewage-disposal works to become 
associated with Metcalf & Eddy, Consulting Bos- 
ton, Mass. Mr. Fales Roy 
S. Lanphear, as noted in 


Engineers, 
Mr. 


is succeeded at 
our 


Worcester by 


issue of Jan. 9. 


Mr. C. J. Morrison, M. Am. Soc. M. E., formerly associated 
with Suffern & Son, New York City, as Manager of the en- 
gineering department, has announced the formation of the 
firm of Froggatt, Morrison & Co., with offices at 149 Broad- 
way, New York City. Mr. Morrison is Chief Engineer of the 
new firm. 

Mr. Horace H. Esselstyn, M. Am. Soe’s C. E. and M. E., 
has resigned his position as Engineer with Westinghouse, 
Church, Kerr & Co., to become Construction Engineer of the 
Detroit Edison Co., Detroit, Mich. Mr. Esselstyn has been 


associated with Westinghouse, 
past 12 years. 
Mr. David H. Blossom 


Church, Kerr & Co., for the 


has resigned as City Engineer of 


Salt Lake City, Utah. Mr. Blossom is a graduate of Middle- 
bury College, Vermont, and studied civil engineering at the 
Massachusetts Institute of Technology. For six years previous 
to his appointment as City Engineer, in 1911, he was Chief 
Engineer of the American Falls Canal & Power Co., at Salt 
Lake City. 

Mr. J. B. Berry, M. Am. Soc. C. E., Chief Engineer of the 
Chicago, Rock Island & Pacific Ry., has been appointed <As- 
sistant to the President. Mr. Berry has been Chief Engineer 
of the Chicago, Rock Island & Pacific Ry. since 1905; previous 


to that time he had been Consulting Engineer of the St. Louis 
& San Francisco R.R. and Chief Engineer of the Union Pacific 
R.R. Mr. Berry is succeeded as Chief Engineer by Mr. Charles 
A. Morse, M. Am. Soc. C. E., as noted elsewhere. 

Mr. E. E. Adams, Assoc. M. Am. Soc. C. E., Assistant to the 
Consulting Engineer of the Union Pacific System and South- 
ern Pacific Co., has been appointed Consulting Engineer of 
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ELECTROCHEMICAL 
” Annual meeting at Atlant 
tichards, South Bethlehem 
\TIONAL DRAINAGE CONGRESS 
Apr. 10-12 Vnnual convention at 
In ’. Perkins, Hl. 
ENGINEERING SOCIETY 
Annual meeting at Detroit 
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IETY OF ENGINEERS 
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26. Annual convention at Waterloo, 
Weeks, Davenport, Lowa 
CONFERENCE ON CITY PLANNING 

Mav 5-7 Annual conference at Chicago, 11] 

Schurtleff, 19 Congress St. boston, Miss 
GAS, ELECTRIC AND STREET RAILWAY ASSOCIATION 
OK LAHOM,\ 

Hh-S Annual convention at 
H. V. Bozell, Norman, Okla 
AIR BRAKE ASSOCIATION 

May 6-10 Annual convention at St 

Nellis. 53 State St.. Boston. Mass 
SOUTHWESTERN WATER WORKS ASSOCIATION 
May 12-14 Annual convention at Ft. Worth, Texas 
Io l. Fulkerson, Waco, Tex 
NATURAL GAS ASSOCIATION OF 

May 20-22 \Vnnual meeting at 

W. Gifford, 26 Central Square, 
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May 21-24. Annual meeting 
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AMERICAN ASSOCTATION OF DEMURRAGE 

Mar. 20-23. Annual meeting at Chicago, 
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS 

May 20-23 Spring meeting at Baltimore, Mad 

Rice, W. 39th St... New ‘York City 
INTERNATIONAL RAILWAY PUEL ASSOCTATION 

Mav 21-24 Annual ing at Chicago, I) Secyv. 
Hall 22 McCormick Bldg... Chicago, TH] 

OHIO SOCrrsetTy OF MECHANICAL, ELECTRICAL, 
STEAM ENGINEERS 

22-2 Annual meeting at 

| Mh. Sanborn, Columbus, Ohio 
MASTER BOILER MAKERS’ ASSOCTATION 

May 26-2% \nnual meeting at Chicago, T11. 

Vought, 96 Liberty St., New York City. 
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ll be held in Minneapolis. Minn., June 23-27. 1913 
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